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(54) AUTOMATIC PAINTING DEVICE 

(57) Mounted on a wrist portion (1 0) of a single coat- 
ing robot (6) is a common main assembly body (11) to 
which a plural number of bell-shape heads (42, 81 , 83) 
are replaceably connectible. Further, a head changer 
(61) is provided within a working area of the coating ro- 
bot (6), the head changer (61) being provided with head 
gripping mechanisms (63) to hold a plural number of 
bell-shape heads (42, 81 , 83) thereon. By the use of the 



coating robot (6), one of the bell-shape heads (42, 81 , 
83) on the head changer (61) is replaceably connected 
to the common main assembly body (1 1 ) to form a com- 
plete sprayer (55, 101). Accordingly, the coating robot 
(6) can perform various coating operations by selective- 
ly picking up a suitable bell-shape head (42, 81 , 83) from 
the head changer (61 ) and connecting same to the com- 
mon main assembly body (11). 
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TECHNICAL FIELD 

[0001] This invention relates to an automatic coating 
apparatus which is suitable for use, for example, in coat- 
ing objects such as vehicle bodies and the like. 

BACKGROUND ART 

[0002] Generally, coating objects like automotive ve- 
hicle bodies (hereinafter referred to simply as "vehicle 
bodies" for brevity) are coated by an automatic coating 
apparatus which is installed within a coating booth. The 
automatic coating apparatus of this sort is largely con- 
stituted by a working mechanism which is put in action 
in relation with coating objects which are delivered to 
the coating booth by a conveyer, and a coater or sprayer 
unit which is mounted on the working mechanism and 
arranged to spray paint toward the delivered coating ob- 
jects. 

[0003] In this connection, as a working mechanism, it 
has been the general practice to employ a coating robot 
which is provided with a plural number of joints to carry 
out a coating operation on vehicle bodies according to 
contents of teaching, or a reciprocator which is arranged 
to reciprocate across a certain range in coating vehicle 
bodies. In order to follow the movement of vehicle bod- 
ies on a conveyer in the course of a coating operation, 
the working mechanism is usually mounted on a track- 
ing mechanism and thereby moved along the conveyer. 
[0004] Further, resorted to as a sprayer in most cases 
are bell-shape sprayers which are arranged to atomize 
paint mainly by means of a bell-shaped cup which is put 
in high speed rotation. There have been a diversity of 
bell-shape sprayers which differ from each other in dia- 
metrical size of the bell cup as well as in spurting direc- 
tion and feed rate of shaping air which forms a spray 
pattern. A suitable bell-shape sprayer fora coating robot 
is selected depending upon various conditions such as 
the shape of an object to be coated, the type and color 
of paint to be used and coat finishing conditions. There- 
fore, for coating exterior panels of a vehicle body, for 
example, it is the general practice to use a bell-shape 
sprayer with a bell cup of a large diameter, which is suit- 
able for coating broad surface areas and can produce 
satisfactory coatings in finish quality. On the other hand, 
for coating interior surfaces of vehicle bodies, a bell- 
shape sprayer with a bell cup of a small diameter is gen- 
erally employed because it is more suited for spotwise 
coating operations. 

[0005] In the case of a prior art automatic coating ap- 
paratus of this sort, different types of sprayers are em- 
ployed as mentioned above, depending upon the shape 
of coating objects as well as upon the type and color of 
paint to be used. In use, each sprayer needs to be inte- 
grally mounted on a working mechanism like a coating 
robot, so that it has been necessary to provide a plural 



number of automatic coating apparatus along a vehicle 
body coating line to cope with different coating condi- 
tions, despite increases in equipments cost of the pro- 
duction lin and in machine installation space, which ne- 
5 cessitate to provide a coating booth of an extremely 
large size. 

[0006] On the other hand, in order to solve these prob- 
lems, various attempts have thus far been made to re- 
place the sprayer each time when changing the paint 
10 color or conditions of a coating operation, as disclosed 
in Japanese Patent Laid-Open No. S60-1 22071 and 
H4-83549. 

[0007] However, the prior art automatic coating appa- 
ratus, which are arranged to replace a sprayer as a 

15 whole by a different type, require to provide a plural 
number of diverse sprayers for each paint color, that is 
to say, to provide a vast number of sprayers. In addition, 
the prior art automatic coating apparatus has a draw- 
back that a great deal of labor and time is required in 

20 replacing the entire sprayer each time. 

[0008] Further, in this regard, there have been known 
in the art cartridge-type coating apparatus which are ar- 
ranged to mount a sprayer fixedly on a coating robot, 
while setting a paint cartridge of a selected color re- 

25 placeably on the sprayer in order to obviate the trouble- 
some job of replacing the entire sprayer (e.g., as dis- 
closed in Japanese Patent Laid-Open No. S63-1 75662 
and H8-229446). 

[0009] In the case of an automatic coating apparatus 
30 which is disclosed in the above-mentioned Japanese 
Patent Laid-Open No. S63-1 75662, a paint cartridge 
which is selected from an assortment of paint cartridges 
is replaceably loaded on a coating machine before start- 
ing a coating operation. At the time of cartridge replace- 
35 ment, by way of a hose which is connected to the 
sprayer, a wash fluid is supplied to wash away a previ- 
ous color which has deposited on the sprayer. 
[001 0] On the other hand, an automatic coating appa- 
ratus which is disclosed in the other Japanese Patent 
40 Laid-Open No. H8-229446 is provided with a plural 
number of paint cartridges which are replaceably set on 
a bell-shape sprayer. 

[0011] However, in the case of these prior art auto- 
matic coating apparatus, it is necessary to provide a 

45 hose along a robot arm to supply therethrough a wash 
fluid for washing the sprayer, despite the difficulties of 
routing the hose to and along the robot arm in a tidy way. 
In addition, the wash fluid supply hose which droops 
down between the robot arm and the sprayer may cause 

50 a flaw or damage to a coating object by contacting the 
hose during operation, or may suffer from damages or 
frictional wear by contacting other component parts of 
the apparatus. 

[0012] Furthermore, in the case of a bell-shape 
55 sprayer as disclosed in Japanese Patent Laid-Open No. 
H8-229446, the sprayer with a bell-shape cup which is 
fixedly mounted on a coating robot in a fixed state re- 
quires a long washing time for cleaning the bell cup, and 
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suffers from low productivity because a coating opera- 
tion is interrupted for a long time while the bell cup is 
being washed. 

DISCLOSURE OF THE INVENTION 

[001 3] In view of the above-described problems with 
the prior art, it is an object of the present invention to 
provide an automatic coating apparatus which is ar- 
ranged to attach a diversity of bell-shape heads replace- 
ably to a common assembly body which is mounted on 
a single working mechanism, thereby permitting consid- 
erable reductions in cost and apparatus installation 
space. 

[0014] It is another object of the present invention to 
provide an automatic coating apparatus which permits 
to replace bell-shape heads in a facilitated manner and 
as a result to enhance the productivity of the apparatus. 
[001 5] It is still another object of the present invention 
to provide an automatic coating apparatus which per- 
mits to carry out and continue a coating operation by the 
use of one bell-shape head while washing another bell- 
shape head which was used in a previous coating op- 
eration, thus ensuring improved productivity of the ap- 
paratus. 

[001 6] It is a further object of the present invention to 
provide an automatic coating apparatus which can fa- 
cilitate washing operations on bell-shape heads to a sig- 
nificant degree particularly in case the bell-shape heads 
are of a cartridge-type sprayer which is arranged to be 
replaceably loaded with a plural number of paint car- 
tridges of different colors. 

[0017] In order to solve the above-mentioned prob- 
lems, according to the present invention, three is pro- 
vided an automatic coating apparatus, which compris- 
es: a working mechanism to be put in predetermined 
coating actions relative to a coating object; a common 
main assembly body fixedly mounted on the working 
mechanism to serve as a main assembly body for a 
number of sprayers; a number of bell-shape heads each 
displaceably connectible to the common main assembly 
body to form a bell-shape sprayers and adapted to spray 
supplied paint in a finely atomized form by means of a 
bell-shaped cup rotating at high speed; and a head 
changer provided within a working area of the working 
mechanism and adapted to hold a grip on and off the 
bell-shape heads at the time of replacing a bell-shape 
head on the common main assembly body. 
[0018] With the arrangements just described, the 
head changer is located within a working area of the 
working mechanism, so that, at the time of replacing the 
beil-shape head which is replaceably attached to the 
xommon main assembly body, the bell-shape head can 
be automatically replaced by moving same to a prede- 
termined head replacing position on the head changer 
through the working mechanism. 
[0019] In a case where a bell-shape head is connect- 
ed to the common main assembly body to form a bell- 



shape sprayer, the resulting bell-shape sprayer is 
moved by the working mechanism while spraying sup- 
plied paint from a bell cup toward a coating object. 
[0020] In addition, since the bell-shape head is de- 
5 tachably connected to the common main assembly 
body, it can be replaced by other bell-shape heads of 
different spray patterns, depending upon the nature of 
coating surfaces of coating objects. 
[0021] According to the present invention, the head 
10 changer is comprised of at least a couple of head gripper 
mechanisms, one for gripping a bell-shape head which 
has been transferred to a predetermined head replacing 
position by the working mechanism, and the other one 
for holding another bell-shape head in a waiting position 
15 in preparation for connection to the common main as- 
sembly body. 

[0022] With the arrangements just described, upon 
completing a coating operation by one bell-shape head, 
the used bell-shape head is transferred to one of the 
gripping mechanisms by means of the working mecha- 
nism and detached from the common main assembly 
body and instead gripped on one gripping mechanism. 
In the next place, the common main assembly body is 
moved toward another bell-shape head waiting by on 
the other gripping mechanism by the working mecha- 
nism and connected with the new head to continue a 
coating operation. 

[0023] According to the present invention, the head 
changer is comprised of head gripping mechanisms 
each adapted to hold a grip on and off a bell-shape head, 
and head washing mechanisms each adapted to wash 
a bell-shape head which is gripped on one of the head 
gripping mechanisms. 

[0024] With the arrangements just described, as soon 
as a used bell-shape head is gripped on one gripping 
mechanism of the head changer, the bell-shape head 
including its bell cup can be cleaned by the use of a 
washing mechanism. 

[0025] According to the present invention, the head 
changer is comprised of at least a couple of head gripper 
mechanisms, one for gripping a used bell-shape head 
which has been transferred to a predetermined replac- 
ing position by the working mechanism and the other 
one for holding another washed bell-shape head in a 
watting position in preparation for connection to the 
common main assembly body, and at least a couple of 
head washing mechanisms each adapted to wash a 
bell-shape head which is gripped on one of the head 
gripping mechanisms. 

[0026] With the arrangements just described, upon 
finishing a coating operation, a used bell-shape head is 
transferred to a predetermined head replacing position 
by the working mechanism, and gripped on one of the 
gripping mechanisms of the head changer. Then, anoth- 
er bell-shape head waiting by on the other gripping 
mechanism is picked up and connect d to the common 
main assembly body by the working mechanism to con- 
tinue the coating operation. In the meantime, the used 
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bell-shape head which Is gripped on on gripping mech- 
anism, is washed by one washing mechanism concur- 
rently with the coating operation by the other bell-shape 
head. 

[0027] According to the present invention, the head 
changer is comprised of head gripping mechanisms 
adapted to hold a grip on and off a bell-shape h ad, 
washing mechanisms adapted to wash a bell-shape 
head gripped on one of the gripping mechanism, and a 
bearing air supply mechanism adapted to supply air to 
air bearing of an air motor of a bell-shape head which is 
gripped on one of the head gripping mechanisms. 
[0028] With the arrangements just described, when a 
bell-shape head is gripped on one gripping mechanism 
of the head changer, bearing air is supplied to air bearing 
of an air motor of the gripped head. Accordingly, even 
when the bell-shape head is disconnected to the com- 
mon main assembly body, the rotational shaft of the air 
motor is hydrostatically supported by the air bearing, 
thereby preventing abrasive wear or damages which 
would otherwise occur to the air motor. 
[0029] According to the present invention, each one 
of the bell-shape sprayers is of a cartridge-type adapted 
to be replaceably loaded with paint cartridges of various 
colors, each one of the paint cartridge comprising a con- 
tainer filled with paint and a feed tube extending axially 
forward from the container. 

[0030] With the arrangements just described, paint 
cartridges of various colors can be replaceably loaded 
into the common main assembly body of the bell-shape 
sprayer. In this case, the cartridge-type sprayer can feed 
paint of different colors through feed tubes of the respec- 
tive paint cartridges. 

[0031] According to the present invention, the com- 
mon main assembly body comprises a cartridge loading 
cavity for receiving the paint cartridge and an axial feed 
tube passage hole to receive the feed tube, and each 
one of the bell-shape heads is internally provided with 
an axial feed tube passage hole to receive said feed 
tube. 

[0032] With the arrangements just described, when 
one of the paint cartridges of different colors is selec- 
tively f itted into the common main assembly body, paint 
of a selected color can be fed to the bell-shape head 
through the feed tube which is passed into the feed tube 
passage holes in the common main assembly body and 
the bell-shape head. 

[0033] According to the present invention, each one 
of the bell-shape heads is internally provided with an 
axial feed tube passage hole to receive the feed tube of 
the paint cartridge therein, and the head changer is pro- 
vided with head gripping mechanisms for gripping the 
bell-shape heads along with washing mechanisms for 
washing the bell-shape heads while being gripped on 
the head gripping mechanisms, the washing mecha- 
nisms each being provided with a wash fluid supply tube 
to be inserted into the feed tube passage hole in the bell- 
shape head for spurting a wash fluid thereinto. 



[0034] WIthth arrang ments just described, when a 
bell-shape head is gripp d on one gripping mechanism 
of the head changer aft r a coating operation, the wash 
fluid supply tube of a washing mechanism is passed into 
5 the feed tube passage hole of the bell-shape head, and 
a wash fluid is spurted out from th wash fluid supply 
tube to wash away deposited paint from the bell-shape 
head. 

[0035] According to the present invention, the bell- 

io shape heads are each internally provided with an axial 
feed tube passage hole to receive the feed tube of the 
paint cartridge, and the head changer is provided with 
head gripping mechanisms for gripping the bell-shape 
heads, washing mechanisms for washing the bell-shape 

15 heads while being gripped on the head gripping mech- 
anisms, and bearing air supply mechanisms for supply- 
ing bearing air to an air bearing of an air motor in the 
bell-shape heads while being gripped on the gripping 
mechanisms, the washing mechanisms each being pro- 

20 vided with a wash fluid supply tube to be inserted into 
the feed tube passage hole in the bell-shape head for 
spurting a wash fluid thereinto, and a turbine air supply 
passage for supplying turbine air to the air motor of a 
bell-shape head being washed, thereby keeping the bell 

25 cup in rotation during a washing operation. 

[0036] With the arrangements just described, when a 
bell-shape head is gripped on one gripping mechanism 
of the head changer after a coating operation, bearing 
air is supplied to the air bearing of the air motor from the 

30 bearing air supply mechanism to hydrostatically support 
the rotational shaft of the air motor. Further, the wash 
fluid supply tube of a washing mechanism is passed into 
the feed tube passage hole in the bell-shape head, and 
the turbine air supply passage is connected to the air 

35 motor of the bell-shape head. Then, through the turbine 
air supply passage, turbine air is supplied to the air mo- 
tor of the bell-shape head, so that a bell cup on the bell- 
shape head is kept in rotation while a wash fluid is spurt- 
ed out from the wash fluid supply tube to wash away 

40 deposited paint from the head including the bell cup. 
[0037] According to the present invention, the com- 
mon main assembly body is provided with a head con- 
necting portion to which one of the bell-shape heads is 
disconnectibly connected, and an air suction passage 

45 jn communication with a vacuum space formed between 
the head connecting portion and a connected bell-shape 
head, sucking out air from the vacuum space through 
the air suction passage to hold the bell-shape head fix- 
edly to the common main assembly with suction grip. 

50 [0038] With the arrangements just described, upon 
connecting a bell-shape head to the head connecting 
portion of the common main assembly body, air is 
sucked out through the air suction passage from a vac- 
uum space which is formed between the head connect- 

55 jng portion and the bell-shape head, thereby to pull and 
hold the bell-shape head against the common main as- 
sembly body fixedly and stably by a suction grip. On the 
other hand, at the time of disconnecting the bell-shape 



4 



7 



EP1 114 677 A1 



8 



head from the common main assembly body, air is sup- 
plied to the vacuum space to cancel the suction grip. 
[0039] According to the present invention, the com- 
mon main assembly body has a feed tube axially pro- 
jected on the front side thereof, while the bell-shape 
heads are each internally provided with an axial feed 
tube passage hole to receive the feed tube. 
[0040] With the arrangements just described, paint is 
of a desired color can be supplied through a color chang- 
ing valve device or the like, and the supplied paint spurt- 
ed out from the feed tube of the common main assembly 
body and sprayed by the bell-shape head. 
[0041] According to the present invention, there is al- 
so provided an automatic coating apparatus, which 
comprises: a working mechanism to be put in predeter- 
mined coating actions relative to a coating object; a 
common main assembly body fixedly mounted on the 
working mechanism to serve as a common main assem- 
bly body for a number of bell-shape sprayer; a number 
of bell-shape heads each displaceably connective to 
the common main assembly body to form bell-shape 
sprayers and adapted to spray supplied paint in a finely 
atomized form by means of a bell-shaped cup rotating 
at high speed; a number of paint cartridges of different 
colors, each having a containerfilled with a specific paint 
color, a feed tube axially extended out on the front side 
of the container for insertion into the common main as- 
sembly body and one of the bell-shape heads; and a 
head changer provided within a working area of the 
working mechanism and adapted to hold a grip on and 
off the bell-shape heads at the time of replacing a bell- 
shape head on the common main assembly body; and 
said bell-shape sprayers are formed cartridge-type bell- 
shape sprayers which are replacabley connected a 
number of paint cartridge of different colors to said com- 
mon main assembly body. 

[0042] In a preferred form according to the present in- 
vention, the working mechanism is a coating robot or a 
coating reciprocator provided in a coating booth, and the 
common main assembly body is mounted on a distal 
end portion of the coating robot or reciprocator. 
[0043] With the arrangements just described, by mov- 
ing the coating robot or coating reciprocator in predeter- 
mined actions, the bell-shape head which is connected 
to the common main assembly body, on a fore distal end 
of an arm of the robot or reciprocator, is moved along 
coating surfaces of a coating object to spray paint ther- 
eon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] In the accompanying drawings: 

Fig. 1 is a front view of an automatic coating appa- 
ratus according to a first embodiment of the present 
invention, showing the automatic coating apparatus 
along with a vehicle body and a conveyer; 
Fig. 2 is a plan view of the automatic coating appa- 



ratus which is installed within a coating booth; 
Fig. 3 is a vertical sectional view, taken through a 
common main assembly body, a paint cartridge and 
a bell-shape head of the apparatus; 
5 Fig. 4 is an enlarged vertical sectional view through 
the common main assembly body, paint cartridge 
and bell-shape head of Fig. 3, with a repulsive elec- 
trode omitted therefrom; 

Fig. 5 is a fragmentary vertical sectional view on an 
10 enlarged scale of the common main assembly body; 
Fig. 6 is a left-hand side view of the common main 
assembly body, taken in the direction of arrows VI- 
VI of Fig. 5; 

Fig. 7 is an enlarged vertical sectional view of the 
15 paint cartridge; 

Fig. 8 is an enlarged vertical sectional view of the 
bell-shape head, with the repulsive electrode omit- 
ted therefrom; 

Fig. 9 is a right-hand side view of the bell-shape 
20 head, taken in the direction of arrows IX-IX of Fig. 8; 
Fig. 1 0 is a vertical sectional view of the bell-shape 
head, taken in the direction of arrows X-X of Fig. 8; 
Fig. 11 is a front view of a head changer; 
Fig. 12 is a left-hand side view of the head changer, 
25 taken in the direction of arrows XII-XII of Fig. 11 ; 

Fig. 13 is an enlarged partly cutaway plan view of a 
head gripper; mechanism and a bearing air supply 
mechanism, taken in the direction of arrows XIII-XHI 
of Fig. 11; 

30 Fig. 1 4 is a sectional view of the head gripper mech- 
anism, taken in the direction of arrows XIV-XIV of 
Fig. 13; 

Fig. 1 5 is a sectional view of the head gripper mech- 
anism, taken in the direction of arrows XV-XV of Fig. 
35 13; 

Fig. 1 6 is a vertical sectional view of the beil-shape 
head which is located in a head changing position 
of the head changer, along with the common main 
assembly body and paint cartridge; 

40 Fig. 1 7 is a vertical sectional view of the bell-shape 
head which is located in the head changing position 
of the head changer, along with the common main 
assembly body and paint cartridge, taken in the di- 
rection of arrows XVII-XVII of Fig. 16; 

4 5 Fig. 1 8 is a vertical sectional view of the bell-shape 
head which is being separated from the common 
main assembly body in an upward direction; 
Fig. 19 is a vertical sectional view of a washing 
mechanism which is being lowered toward the bell- 

50 shape head which is gripped on the head gripper 
mechanism; 

Fig. 20 is a vertical sectional view of the bell-shape 
head which is being washed by the washing mech- 
anism; 

55 Fig. 21 is a vertical sectional view of a beil-shape 
head which is connected to a common main assem- 
bly body according to a second embodiment of the 
present invention; and 
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Fig. 22 is a vertical sectional view of th common 
main assembly body shown in Fig. 21 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0045] Hereafter, the present invention is described 
more particularly with reference to the accompanying 
drawings which show by way of example vehicle body 
coating operations by automatic coating apparatus ac- 
cording to the present invention. 
[0046] Referring first to Figs. 1 through 20, there is 
shown a first embodiment of the present invention, hav- 
ing a feature in that it permits to replaceably mount on 
the apparatus a beil-shape head chosen from three dif- 
ferent types of bell-shape heads. 
[0047] Indicated at 1 is a coating booth which is pro- 
vided for coating automotive vehicle bodies 2 as objects 
to be coated (indicated by two-dot chain line in Fig. 2), 
which are delivered one after another by a conveyer 3 
which is provided in the coating booth 1 . Provided along- 
side and on each side of the conveyer 3 is an automatic 
coating apparatus 4 as will be described in greater detail 
later. 

[0048] Designated at 4 are the automatic coating ap- 
paratus which are located alongside and on the opposite 
sides of the conveyer 3. Each automatic coating appa- 
ratus 4 is largely constituted by a coating robot 6, a com- 
mon main assembly body 11, a bell-shape head 42, 81 
or 83, and a head changer 61 . 
[0049] Denoted at 5 are two track rails which are pro- 
vided at a predetermined distance from and in parallel 
relation with the opposite right and left sides of the con- 
veyer 3. The track rail 5 constitutes a tracking mecha- 
nism, as part of a working mechanism, providing a track 
to let a coating robot 6, which will be described herein- 
later, move parallel with the conveyer 3, following move- 
ments of a vehicle body 2 which is transferred by the 
conveyer 3. 

[0050] Indicated at 6 are coating robots which are pro- 
vided on the track rails 5 to serve as a working mecha- 
nism, respectively. According to contents of teaching 
and through a common main assembly body 11 which 
is provided at a fore distal end, the coating robot 6 is 
operative to move a bell-shape head 42 along with the 
vehicle body 2 on the conveyer while coating the vehicle 
body 2. In this instance, as shown in Fig, 1 , the coating 
robot 6 is largely constituted by a base 7 which is mount- 
ed on the track rail 5 and movable in the transfer direc- 
tion of the conveyer 3, a vertical arm 8 which is rotatably 
and pivotalty supported on the base 7, a horizontal arm 
9 which is pivotally supported on an upper end of the 
vertical arm 8, and a wrist portion 10 which is provided 
at a fore distal end of the horizontal arm 9. Further, the 
coating robot 6 is operative to move the bell-shape head 
to and from a coating zone A for coating a vehicle body 
2 and a head replacing zone B for replacing a bell-shape 
head 42, 81 or 83 which will be described hereinafter. 
[0051] Indicated at 11 is a common main assembly 



body which is provided on the coating robot 6. As shown 
in Figs. 3 and 4, the common main assembly body 11 is 
largely constituted by a housing 12, a h ad connecting 
portion 1 5, a cartridge loading cavity 1 6 and a feed tube 
5 passage hole 1 9. In this instance, the common main as- 
sembly body 11 constitutes a common base body in set- 
ting up a number of cartridge-type bell-shap sprayers 
55 of different properties. 

[0052] Indicated at 12 is the housing which forms an 
io outer shell of the common main assembly body 1 1 . The 
housing 12 is mounted on a fore distal end of the wrist 
portion 10. More specifically, the housing 12 is consti- 
tuted by a neck portion 1 3 which is attached to the wrist 
portion 10 at the fore distal end of the horizontal arm 9 
15 through a cylindrical clamp portion 13A, and a coupler 
portion 14 which is formed integrally at a fore distal end 
of the neck portion 13. 

[0053] Denoted at 15 is a head connecting portion 
which is provided at the front end of the coupler portion 
14. To this head connecting portion 15, the bell-shape 
head 42 and so forth are replaceably connected in the 
manner as will be described hereinafter. As shown in 
Fig. 5, the head connecting portion 15 is formed in a 
hollow cylindrical shape. Upon fitting a rear end portion 
of the bell-shape head 42 into the head connecting port- 
ing 15, a vacuum space 27 is formed therebetween 
thereby to hold the bell-shape head 42 fixedly to the 
head connecting portion 15 with suction grip. 
[0054] Further, designated at 1 6 is the cartridge load- 
ing cavity which is formed into the rear end of the coupler 
portion 14. This cartridge loading cavity 16 replaceably 
receives therein a paint cartridge 32 which will be de- 
scribed hereinafter. As shown in Fig. 5, the cartridge 
loading cavity 1 6 is provided with a stepped large diam- 
eter bore portion 16A to be brought into fitting engage- 
ment with a container 33 of a paint cartridge 32 and a 
cartridge casing block 37, and a small diameter bore 
portion 16B to be brought into fitting engagement with 
a support cylinder 37A of the cartridge casing block 37. 
When a container 33 of a paint cartridge 32 is fitted into 
the cartridge loading cavity 1 6, air is sucked out through 
an air suction passage (not shown) from a vacuum 
space 1 7 which is formed on the inner side of the car- 
tridge container 33, thereby holding the paint cartridge 
32 fixedly in the loaded position with suction grip sub- 
stantially through the same mechanism as the suction 
grip on the head connecting portion 15. 
[0055] Indicated at 18 is a tube guide on the side of 
the common main assembly body, to be fitted in coaxial 
relation with the cartridge loading cavity 16. This tube 
guide 1 8 is formed in the shape of a stepped tube by a 
conductive material, and, as shown in Fig. 5, internally 
provided with a hollow passage 1 8A which forms part of 
a feed tube passage hole 19. 
[0056] Indicated at 19 is the feed tube passage hole 
on the side of the main assembly unit which is composed 
of the small diameter bore portion 16B of the cartridge 
loading cavity 16 and the hollow passage 18A of the 



25 



30 



35 



40 



45 



50 



6 



11 



EP1 114 677 A1 



12 



tube guid 1 8. This feed tube passage hole 1 9 is formed 
in the shape of a stepped bore which extends through 
and between the head connecting portion 15 and the 
cartridge loading cavity 1 6 of the coupler portion 14. Fur- 
ther, the feed tube passage hole 1 9 is formed in coaxial 
relation with a feed tube passage hole 48 on the side of 
the head, which will be described after. 
[0057] Denoted at 20 is a high voltage generator 
which is provided on the neck portion 13 of the housing 
1 2. This high voltage generator 20 is constituted, for ex- 
ample, by a Cockcroft circuit and adapted to elevate a 
source voltage from a power supply (not shown), for ex- 
ample, to a high voltage level between -60kv and 
-1 20kv. The output side of the high voltage generator 20 
is electrically connected, for example, to the tube guide 
18 on the side of the main assembly body. Accordingly, 
paint which flows through the feed tube 38 is directly 
charged by a high voltage from the high voltage gener- 
ator 20 through the tube guide 1 8. Further, the high volt- 
age is also applied to the bell cup 45 from the feed tube 
38 through a rotational shaft 44C of an air motor 44. 
[0058] Indicated at 21 is an optical fiber cable which 
is provided on the housing 12 to extended between and 
through the neck portion 13 and the coupler portion 14 
of the housing 12. A plug 21 A which is provided at the 
fore distal end of the optical fiber cable 21 is projected 
on the front side of the head connector portion 1 5. When 
the bell-shape head 42 is attached to the head connect- 
ing portion 1 5 of the coupler portion 1 4, the plug 21 A of 
the optica! fiber cable 21 is received in a cable recepta- 
cle hole 49 and located in the proximity of an air turbine 
pin 44D of the air motor 44. Through the optical fiber 
cable 21 , rotational speed of the air turbine 44D is de- 
tected by a rotational speed sensor (not shown) which 
is con nected to the proximal end of the optical fiber cable 
21. 

[0059] Denoted at 22 is a shaping air passage on the 
side of the main assembly body which is provided in the 
housing 1 2 to supply shaping air to a shaping air ring 46 
which will be described hereinafter. The shaping air pas- 
sage 22 is provided with a joint tube portion 22A at its 
fore end to be connected to a shaping air passage 50 
on the side of the head. 

[0060] Indicated at 23 is a turbine air passage (Fig. 6) 
on the side of the main assembly body, which is provided 
in the housing 1 2. This turbine air passage 23 serves to 
supply driving air to the air turbine 44D of the air motor 
44. Further, similarly to the above-mentioned joint tube 
22A, the turbine air passage 23 is provided with a joint 
tube 23A to be connected to a turbine air passage 51 
on the side of the head. 

[0061] Indicated at 24 is a brake air passage on the 
side of the main assembly body, which is provided in the 
housing 12. This brake air passage 24 serves to supply 
brake air to the air turbine 44D of the air motor 44. Fur- 
ther, similarly to the joint tube 22A, the brake air passage 
24 is also provided with a joint tube portion 24A to be 
connected to a brake air passage 52 on the side of the 



head. 

[0062] Designated at 25 is a bearing air passage on 
the side of the main assembly body, which is also pro- 
vided in the housing 12. This bearing air passage 25 

5 serves to supply bearing air to an air bearing 44E of the 
air motor 44. Likewise, the bearing air passage 25 is pro- 
vided with a joint tube portion 25A to be connected to a 
bearing air passage 53 on the side of the head. 
[0063] Further, indicated at 26 is an air suction pas- 

10 sage which is provided in the housing 12. Through this 
air suction passage 26, air is sucked out from a vacuum 
space 27 (Fig.4) which is formed between the head con- 
necting portion 15 of the housing 12 and the rear end of 
the bell-shape head 42 when the head 42 Is attached to 

15 the connecting portion 1 5, thereby to hold the bell-shape 
head 42, 81 or 83 fixedly to the housing 12 with suction 
grip- 

[0064] Denoted at 28 is a thinner passage on the side 
of the main assembly body, which is provided in the 
20 housing 1 2. When a paint cartridge 32 is set in the car- 
tridge loading cavity 16 of the housing 12, the thinner 
passage 28 is connected to a thinner passage 39 which 
is provided on the side of the paint cartridge 32. The 
thinner passage 28 serves to supply thinner to the paint 
25 cartridge 32 for extrusion of paint therefrom. 

[0065] Indicated at 29 is a thinner valve which is pro- 
vided on a mount portion 1 4 of the housing 1 2. The thin- 
ner valve 29 functions to open and close the thinner pas- 
sage 28 on the side of the main assembly body to turn 
30 on and off the supply of thinner to a thinner passage 39 
on the side of the paint cartridge as a paint-extruding 
liquid. In this instance, the thinner valve 29 is largely 
constituted by a cylinder bore 29A which is formed in 
the mount portion 1 4, a piston 29B which is axially slid- 
es ably fitted in the cylinder bore 29A, a valve member 29C 
which is axially extended forward from the piston 29B, 
and a valve spring 29D which is adapted to urge the 
valve member 29C in a closing direction through the pis- 
ton 29B. 

40 [0066] As soon as a paint cartridge 32 is unloaded out 
of the cartridge loading cavity 1 6, the valve member 29C 
of the thinner valve 29 is urged into a closed position, 
thereby closing the thinner passage 28 on the side of 
the main assembly body under the influence of the bi- 

45 asing force of the valve spring 29D to prevent outflow of 
thinner. On the other hand, when a paint cartridge 32 is 
set in the cartridge loading cavity 1 6, pilot air is supplied 
through a pilot air passage 30 to urge the valve member 
29C of the thinner valve 29 into an open position, there- 

50 by bringing the above-mentioned thinner passage 28 in- 
to communication with the thinner passage 39 on the 
side of the paint cartridge to permit circulation of thinner 
toward the paint cartridge 32. 
[0067] In this manner, the thinner valve 29 functions 

55 to control paint supply from a paint chamber 35 of the 
paint cartridge 32 to the f ed tub 38 by bringing the 
thinner passage 28 into and out of communication with 
a thinner chamber 36 in the paint cartridge 32 to turn on 
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and off the supply thereto of the paint-extruding thinn r. 
[0068] Indicated at 31 is a pilot air passage which is 
provided at the bottom of the cartridge loading cavity 1 6 
on the side of the main assembly body. On the front side, 
the pilot air passage 31 is formed into a plug 31A and 
projected into the cartridge loading cavity 16. The plug 
31 A of the pilot air passage 31 is connected to a pilot 
air passage 41 on the side of the paint cartridge to sup- 
ply pilot air to a paint valve 40 which will be described 
after. 

[0069] Denoted at 32 is a paint cartridge which is re- 
movably loaded in the common main assembly body 1 1 . 
A plural number of similar paint cartridges 32 are pro- 
vided for a number of different paint colors. As shown in 
Fig. 7, each paint cartridge 32 is largely constituted by 
a container 33 and a feed tube 38 as described below. 
[0070] Indicated at 33 is the container which consti- 
tutes a main body of the paint cartridge 32. The contain- 
er 33 is composed of a main container body 33A which 
is In the shape of a bottomed cylindrical casing and 
closed on the front side, and a lid 33B which is adapted 
to close the rear side of the main container body 33A. 
[0071] Designated at 34 is a piston which is axially 
displaceably fitted in the container 33, thereby dividing 
the inner space of the container 33 into the fore-men- 
tioned paint chamber 35 on the front side and the thinner 
chamber 36 on the rear side. 

[0072] I ndicated at 37 is a valve casin g block which is 
attached to the front side of the main container body 33A 
of the container 33. Projected forward and centrally on 
the front side of the valve casing block 37 is a support 
tube 37A to be advanced into the feed tube passage 
hole 19 on the side of the main assembly body for sup- 
porting the feed tube 38. 

[0073] Denoted at 38 is the feed tube which is provid- 
ed on the front side of the valve casing block 37. This 
feed tube 38 is formed of a conducting material, with its 
base end portion securely fixed in the support tube 37A 
of the valve casing block 37 and its fore end extended 
axially forward and opened toward a bell cup 45 which 
will be described hereinafter. Further, formed internally 
of the feed tube 38 is an axial paint supply passage 38A 
which is in communication with the paint chamber 35 
within the cartridge container 33. Further, when the paint 
cartridge 32 is loaded in the common main assembly 
body 1 1 , the feed tube 38 is projected forward on the 
front side of the head connecting portion 1 5 through the 
feed tube passage hole 19 on the side of the main as- 
sembly body. 

[0074] Indicated at 39 is the thinner passage which is 
provided in the container 33 of the side of the paint car- 
tridge in communication with the thinner chamber 36. 
When the paint cartridge 32 is loaded into the common 
main assembly body 11, the thinner passage 39 is 
brought into communication with the thinner passage 28 
on the side of the main assembly body. When the thinner 
valve 29 is opened, thinner is supplied from the thinner 
passage 39 to the thinner chamber 36 through the thin- 



ner passage 28 to push the piston 34 forward. 
[0075] Further, indicated at 40 is a paint valv which 
is provided in the valve casing block 37. This paint valve 
40 serves to open and communication with the paint 

5 supply passage 38A in th feedtube 38. In this instance, 
the paint valve 40 is largely constituted by a cylinder 
bor 40A which is formed in the valve casing block 37, 
a piston 40B which is axially s I idably fitted in the cylinder 
bore 40A, a valve member 40C with its base end se- 

w curely fixed to the piston 40B and its fore end extended 
forward through the feed tube 38 paint supply passage 
38A substantially in coaxial relation therewith, and a 
valve spring 40D which is adapted to urge the valve 
member 40C in a closing direction through the piston 

15 40B. 

[0076] Normally, under the influence of the biasing ac- 
tion of the valve spring 40D, the valve member 40C of 
the paint valve 40 is held in a closed position to block 
the paint supply passage 38A of the feed tube 38. On 
the other hand, as soon as pilot air is supplied through 
the pilot air passages 31 and 41 , the valve member 40C 
is opened through the piston 40B to permit circulation 
of paint through the paint supply passage 38A. 
[0077] By opening and blocking communication with 
the paint supply passage 38A of the feed tube 38 
through the valve member 40C In this manner, the paint 
valve 40 performs on-off control on the paint supply from 
the feed tube 38 to the bell-shape head 42 which will be 
described below. 

[0078] Now, indicated at 42 is the bell-shape head 
which is detachably connected to the head connector 
portion 15 of the housing 12. In combination and in co- 
operation with the common main assembly body 1 1 , the 
bell-shape head 42 constitutes a cartridge-type bell- 
shape sprayer 55. As shown in Figs. 8 to 10, the bell- 
shape head 42 is largely constituted by a body 43, an 
air motor 44, a bell cup 45 and a shaping air ring 46, 
which will be described below. 

[0079] Designated at 43 is the body which forms an 
outer shell of the bell-shape head 42. This body 43 is 
formed in a tubular shape having its circumferential sur- 
face gradually tapered in a forward direction and inter- 
nally defining a motor receptacle cavity 43A. Further, as 
shown in Fig. 10, the body 43 is formed with a pair of 
grip surfaces 43B on its outer peripheral surfaces, in 
parallel relation with each other and in radially opposite 
positions. Furthermore, the body 43 is provided with a 
pair of radial conical grooves or recesses 43C in radially 
opposite positions on the above-mentioned grip surfac- 
es 43B for engagement with coupling rods 65 D of a head 
g ripper 65 which will be described after. 
[0080] Indicated at 44 is an airmotor which is provided 
in the motor receptacle cavity 43A of the body 43. In this 
instance, the air motor 44 is constituted by a motor case 
44A, an axial stepped bore 44B which is formed axially 
through the motor case 44A and provided with a large 
diameter portion and a small diameter portion respec- 
tively on the front and rear sides thereof, a rotational 
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shaft 44C which is axially extended in the large diameter 
portion of the stepped bore 44B and projected out of the 
motor case 44A at its fore end, an air turbine 44D which 
is fixedly mounted on the rotational shaft 44C on the side 
of the rear end of the rotational shaft 44C, an air bearing 
44E which is provided in the motor case 44A in small 
gap relation with the rotational shaft 44C and around the 
axial bore 44B, and a hollow passage 44F which is 
formed axially and internally through the rotational shaft 
44C to serve as a feed tube passage hole 48, which will 
be described hereinafter. 

[0081] Indicated at 45 is a bell cup which is mounted 
on the air motor 44, more specifically, on a front end por- 
tion of the rotational shaft 44C. This bell cup 45 is put in 
high speed rotation by the air motor 44 and functions to 
centrifugally atomize paint which is spurted forward 
through the feed tube 38. 

[0082] Denoted at 46 is a shaping air ring which is 
mounted on the front side of and between fore ends of 
the air motor 44 and the body 43. This shaping air ring 
46 functions to spurt out air for shaping atomized paint 
particles, which are sprayed by the bell cup 45, into a 
desired spray pattern. 

[0083] Indicated at 47 is a tube guide on the side of 
the head, which is formed centrally in a rear end portion 
of the body 43. More specifically, the tube guide 47 is 
formed in a stepped cylindrical shape, internally defining 
a hollow passage 47A which forms part of the feed tube 
passage hole 48. Further, the tube guide 47 is adapted 
to locate the feed tube passage holes 19 and 48 in co- 
axial relation with each other when the bell-shape head 
42 is connected to the common main assembly body 1 1 , 
and, when the feed tube 38 is inserted thereinto, guide 
the feed tube 38 toward the hollow passage 44F by its 
fore end portion which is extended into the air turbine 
44D of the air motor 44. 

[0084] Indicated at 48 is a feed tube passage hole on 
the side of the head, consisting of the hollow passage 
44F of the air motor 44 and the hollow passage 47A of 
the tube guide 47. This feed tube passage hole 48 is 
formed in coaxial relation with the feed tube passage 
hole 19 on the side of the main assembly body. 
[0085] Indicated at 49 is a cable passage hole which 
is formed through and between rear end portions of the 
body 43 and the motor case 44A of the air motor 44. 
This cable passage hole 49 provides a passage for guid- 
ing the plug 21 A of the opticalfiber cable 21 as far as a 
position in the vicinity of the air turbine 44D. 
[0086] Denoted at 50 is a shaping air passage on the 
side of the head, more specifically, in a rear end portion 
of the body 43. When connected with the shaping air 
passage 22 on the side of the main assembly body, 
shaping air is supplied from this shaping air passage 50 
toward the shaping air ring 46. 
[0087] Indicated at 51 is a turbine air passage (see 
Fig. 9) on the side of the head, extended between the 
rear end of the body 43 and motor case 44A of the air 
motor 44. When connected with the turbine air passage 



23 on th side of the main assembly body, turbine driving 
air is supplied from the turbine air passage 51 to the air 
turbine 44D of the air motor 44. 
[0088] Designated at 52 is a brake air passage on the 

5 side of the head, extended between the body 43 and the 
motor cas 44A. When conn cted with the brak air 
passag 24 on the sid of the main assembly body, 
brake air is supplied from the brake air passage 52 to 
the air turbine 44D of the air motor 44. 

10 [0089] Further, indicated at 53 is a bearing air pas- 
sage on the side of the head, extended between the rear 
end of the body 43 and the motor case 44A of the air 
motor 44. This bearing air passage 53 is connected to 
the bearing air passage 25 on the side of the main as- 

15 sembly body. 

[0090] In this instance, the bearing air passage 53 is 
constituted by an air inflow section 53A to be connected 
with the joint tube portion 25A of the bearing air passage 
25, an air outflow passage section 53B extended to the 

20 air bearing 44E of the air motor 44, an on-replacement 
air inflow section 53C communicated with the air inflow 
section 53A and opened toward circumferential surfac- 
es of the body 43, and a shuttle valve receptacle portion 
53D formed at a junction of the above-mentioned air in- 

25 flow and outflow sections 53A, 53B and 53C. 

[0091] Indicated at 54 is a shuttle valve which is re- 
ceived in the shuttle valve receptacle portion 53D of the 
bearing air passage 53. While bearing air is supplied 
from the bearing air passage 25, the shuttle valve 54 

30 closes the on-replacement air inflow section 53C, so 
that bearing air which is supplied from the side of the 
main assembly body is sent forward toward the air bear- 
ing 44E of the air motor 44 through the air outflow pas- 
sage section 53B. On the other hand, when bearing air 

35 is supplied from a bearing air supply mechanism 67 
which is connected to the on-replacement air inflow sec- 
tion 53C as will be described hereinafter, the shuttle 
valve 54 closes the air inflow section 53A so that this 
time the air bearing 44E of the air motor 44 is supplied 

40 with bearing air from the bearing air supply mechanism 
67. 

[0092] Thus, a cartridge-type bell-shape sprayer 55 
according to the present embodiment is assembled into 
an operative form by detachably connecting the bell- 

45 shape head 42 to the head connecting portion 1 5 of the 
common main assembly body 11 . The bell-shape head 
42 is stably and fixedly connected to the head connect- 
ing portion 15 by suction grip upon sucking air through 
the air suction passage 26, out of the vacuum space 27 

so which is formed between the head connecting portion 
15 and the rear or inner end of the bell-shape head 42. 
Further, upon supplying air to the vacuum space 27, the 
bell-shape head 42 becomes detachable from the head 
connecting portion 15. 

55 [0093] Now, the description is directed to a head 
changer 61 which is capable of gripping and handling 
bell-shape heads of various colors at the time of replac- 
ing a bell-shape head on the common main assembly 
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body 11 of the coating robot 6. 
[0094] Indicated at 61 is the head changer which is 
located in a suitable position within working areas of th 
coating robot 6. As shown in Figs. 11 through 16 t the 
head changer 61 is constituted by a mount plate 62, 
head gripping mechanism 63, bearing air supply mech- 
anism 67, washing mechanism 70 and so on. 
[0095] Indicated at 62 is a mount plate which is pro- 
vided in a replacing zone B (see Fig. 2) within working 
areas of the coating robot 6. As shown in Figs. 11 and 
12, the mount plate 62 is of a rectangular shape having 
its longitudinal sides in the vertical direction, and ar- 
ranged to stand up on a floor through support means 
such as leg portions 62A. 

[0096] Indicated at 63 are three head gripping mech- 
anisms which are mounted side by side on lower por- 
tions of the mount plate 62. Each one of the head grip- 
ping mechanisms 63 is arranged to grip a used bell- 
shape head after a coating operation and, after a wash- 
ing operation on the used bell-shape head, then to grip 
a bell-shape head which is in a waiting position for re- 
placement. In this instance, the respective head grip- 
ping mechanism 63 are disposed face to face with the 
coating robot 6 and located at predetermined intervals 
in the work piece 6 transfer direction. Further, as shown 
in Fig. 13, each head gripping mechanism 63 is consti- 
tuted by a head receptacle 64 and a head gripper 65 
which will be described hereinafter. 
[0097] Denoted at 64 is the head receptacle which 
constitutes a main body of the head gripping mechanism 
63 and functions to support the bell-shape head 42 and 
so on. In this instance, each head receptacle 64 is gen- 
erally formed in U-shape, including a thick rectangular 
base plate 64A which is supported on the mount plate 
62 and a pair of arms 64B which are extended forward 
from opposite longitudinal ends of the base plate 64A in 
laterally spaced relation with each other. More specifi- 
cally, the support arms 64B are spaced from each other 
by a distance which is larger than the distance between 
the grip surfaces 43B on the body 43 of the bell-shape 
head 42. 

[0098] Further, a piston sliding bore 67A is formed at 
a longitudinally center position of the base plate 64A for 
the bearing air supply mechanism 67 which will be de- 
scribed after. On the other hand, piston sliding bores 
65A of head grippers 65 are formed in the support arms 
64B substantially in coaxial relation with each other and 
in a direction perpendicular to the afore-mentioned pis- 
ton sliding bore 67A, respectively. 
[0099] Indicated at 65 are a pair of head grippers 
which are provided on the support arms 64B face to face 
with each other. These head grippers 65 are arranged 
to grip a bell-shape head 42 laterally from opposite 
sides. In this instance, each head grippers 65 are con- 
stituted by piston sliding bores 65A which are formed in 
the support arms 64B substantially in coaxial relation 
with each other, rod guides 65B each in the form of a 
stepped tube and fitted in the piston sliding bore 65A, 



pistons 65C which are received in the piston sliding 
bores 65 A and movable toward and away from each oth- 
er, clasping rods 65D which ar extended axially inward 
from the respective pistons 65C toward and through 
5 said rod guides 65B, closure plugs 65E closing outer 
ends of the piston sliding bores 65A in a s aled state, 
and coil springs 65F urging the clasping rods 65D to- 
ward the respective closure plugs 65E. 
[0100] Normally, the clasping rods 65D have the re- 
10 spective fore or inner ends retracted into the rod guides 
65B under the influence of biasing force of the coil 
springs 65F. On the other hand, when air is supplied 
through air passages 66, the fore ends of the clasping 
rods 65D are projected out of the rod guides 65B to en- 
is gage in recesses 43C which are formed on the body 43 
of the bell-shape head 42, as shown in Fig. 17. 
[0101] Indicated at 67 is a bearing air supply mecha- 
nism which is provided on the base plate 64A of the head 
receptacle 64. The bearing air supply mechanism 67 
serves to supply bearing air to the air bearing 44E of the 
air motor 44 while a bell-shape head 42 is gripped by 
the head gripping mechanism 63. In this instance, the 
bearing air supply mechanism 67 is constituted by a pis- 
ton sliding bore 67A which is formed in a longitudinally 
center portion of the base plate 64A and opened at a 
deep position between the two support arms 64B, rod 
guide 67B in the shape of a stepped tube which is fitted 
in the piston sliding bore 67A, a piston 67C which is dis- 
placeably received in the piston sliding bore 67A, a con- 
necting rod 67D which is extended axially forward from 
the piston 67C and has its fore end projected out of the 
rod guide 67B, an air supply passage 67E which is 
formed axially and centrally through the connecting rod 
67D, and a coil spring 67F which is arranged to urge the 
connecting rod 67D toward the base or rear end of the 
piston sliding bore 67A. 

[0102] Normally, the connecting rod 67D is held in a 
shrunk state under the influence of the biasing force of 
the coil spring 67F. On the other hand, as shown in Fig. 
1 6, when air is supplied through the air passage 68, the 
connecting rod 67D is extended out and connected to 
the on-replacement air inflow section 53C of the bearing 
air passage 53 which is formed in the body 43 of the 
bell-shape head 42. Thus, the bearing air supply mech- 
anism 67 functions to supply bearing air to the air bear- 
ing 44 E of the air motor 44 through bearing air passage 
69, air supply passage 67E and bearing air passage 53. 
[0103] Indicated at 70 are three washing mechanisms 
which are vertically movably provided on the mount 
plate 62 in confronting positions relative to and on the 
upper side of the respective head gripping mechanisms 
63. Each one of the washing mechanisms 70 functions 
to wash away deposited paint on a bell cup 45 of a used 
bell-shape head 42 which is gripped on a head gripping 
mechanism 63 in a vertically confronting position. In this 
instance, as shown in Figs. 11,19 and 20, each one of 
the washing mechanisms 70 is largely constituted by an 
elongated rail 71 which is mounted vertically on the 
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mount plate 62, a washing assembly 73 which is mov- 
able up and down along the rail 71 , and a cylinder device 

72 which is mounted on the mount plate 62 on the upper 
side of the rail 71 to support the washing assembly 73 
vertically movably at a lower end of a rod member 72A. 
[0104] Indicated at 73 is the washing assembly which 
constitutes a main part of each washing mechanism 70. 
As shown in Figs. 19 and 20, each washing assembly 

73 is largely constituted by a lift block 74, a thinner tube 
75, a thinner valve 76, a shaping air passage 79, and a 
turbine air passage 80. 

[01 05] Indicated at 74 is the lift block which is movable 
up and down along the rail 71 and mounted at the lower 
end of the rod member 72A of the cylinder device 72. 
Accordingly, by contraction and extension of the rod 
member 72A, the lift block 74 is moved in upward and 
downward directions. 

[0106] Denoted at 75 is the thinner tube which is lo- 
cated substantially at the center on the lower side of the 
lift block 74 to serve as a wash fluid supply tube. The 
thinner tube 75 functions to supply a wash fluid like thin- 
ner toward a bell cup 45 of a bell-shape head 42 which 
is gripped on the head gripper 65, for washing the bell 
cup 45. In this instance, the thinner tube 75, internally 
providing a thinner supply passage 75A, is extended 
downward from the lower side of the lift block 74. When 
the lift block 74 is lowered, the thinner tube 75 is inserted 
into a thinner tube passage hole 48 on the part of the 
bell-shape head 42 which is gripped on the head grip- 
ping mechanism 63. 

[01 07] Indicated at 76 is a thinner valve which is pro- 
vided on the lift block 74 at a position on the upper side 
of the thinner tube 75. The thinner valve 76 functions to 
open and close the thinner supply passage 75A of the 
thinner tube 75. In this instance, the thinner valve 76 is 
largely constituted by a cylinder bore 76A which is 
formed vertically and substantially at the center of the 
lift block 74, a piston 76B which is axially slidably fitted 
in the cylinder bore 76A, a valve member 76C which has 
its base end securely fixed to the piston 76B and its fore 
end extended substantially coaxially into the thinner 
tube 75, and a valve spring 76D which is adapted to urge 
the valve member 76C in an closing direction through 
the piston 76B. 

[0108] Normally, the thinner supply passage 75A of 
the thinner tube 75 is closed by the valve member 76C 
of the thinner valve 76 under the influence of biasing 
action of the valve spring 76D. On the other hand, when 
pilot air is supplied through a pilot air passage 77, the 
valve member 76C is moved through the piston 76B to 
open the thinner supply passage 75A, thereby permit- 
ting circulation of thinner which is supplied through a 
thinner passage 78. 

[01 09] Indicated at 79 is a shaping air passage which 
is formed in the lift block 74. This shaping air passage 
79 has a joint tube 79A attached to its lower open end. 
Further, indicated at 80 is a turbine air passage which 
is also formed in the lift block 74, similarly having a joint 



tube 80A attached to its low r open end. Whil a bell 
cup 45 is being washed, air is supplied through these 
air passages 79 and 80, thereby spurting out shaping 
air and rotating the bell cup 45 at high speed by the air 
5 motor 44. 

[0110] Indicated at 81 is anoth r bell-shap head 
which is gripped on one of the head gripping mechanism 
63 of the head changer 61 . For example, the bell-shape 
head 81 is provided with a bell cup 82 which is smaller 
10 in diameter than the bell cup 45 of the above-described 
bell-shape head 42. 

[0111] Further, exemplified at 83 is still another bell- 
shape head with a bell cup 84 which is smaller in diam- 
eter than the bell cup 82 of the just-mentioned bell- 

is shape head 81 . 

[0112] Furthermore, denoted at 85 is an annular re- 
pulsive electrode which is provided on the outer periph- 
eral side of the body 43 of the bell-shape head 42. This 
repulsive electrode 85 is applied with a high voltage of 

20 the same potential as the negative high voltage which 
is applied to the bell cup 45. As a consequence, through 
homopolar repulsion, negatively charged paint particles 
are prevented from depositing on outer peripheral sur- 
faces of the body 43. 

25 [0113] The automatic coating apparatus 4 with the 
above-described arrangements according to the 
present embodiment operates in the manner as de- 
scribed below. 

[0114] Firstly, in the case of coating a vehicle body 2 

30 which is transferred by the conveyer 3, the coating robot 
6 is put in a tracking movement along the track rail 5 
while coating the vehicle body by the use of the coating 
robot 6. At this time, a paint cartridge 32 which is filled 
with paint of a desired color is set in the cartridge loading 

35 cavity 1 6 within the housing 12. In addition, of the vari- 
ous bell-shape heads 42, 81, 83 and so on, the bell- 
shape head 42 which is capable of spraying paint over 
a broad range, that is to say, which is suitable for coating 
exterior panels of the vehicle body 2 is connected to the 

*o head connecting portion 15 of the housing 12. Conse- 
quently, by way of the common main assembly body 11 
and the cartridge 32, the sprayer can be set up as a car- 
tridge-type bell-shape sprayer 55 which is suitable for 
coating exterior panels of the vehicle body. 

45 [0115] Then, as soon as the coating robot 6 comes 
face to face with the vehicle body 2, shaping air is sup- 
plied to the shaping air ring 46 through the shaping air 
passages 22 and 50, and at the same time turbine driv- 
ing air is supplied to the air turbine 44D of the air motor 

50 44 through the turbine air passages 23 and 51, and 
bearing air is supplied to the air bearing 44E through the 
bearing air passages 25 and 53. As a result, the bell cup 
45 is put in high speed rotation by the air motor 44 and 
shaping air is spurted out from the shaping air ring. Be- 

55 sides, a high voltage is applied to paint from the high 
voltage generator 20 through the feed tube 38 of the 
paint cartridge 32. 

[0116] In this state, the thinner valve 29 and paint 
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valve 40 ar opened. Upon opening of th thinner valve 
29, paint-extruding thinner is allowed to flow into the 
thinner chamber 36 through the thinner passages 28 
and 39, therey pushing the piston 34 forward to feed 
paint from the paint chamber 35 toward the feed tube 5 
38. Since the paint valve 40 is opened, paint is supplied 
from the feed tube 38 toward the bell cup 45 of the car- 
tridge-type bell-shape sprayer 55. The bell cup 45 is in 
high speed rotation at this time, paint is thereby sprayed 
toward exterior panel portions of the vehicle body 2. io 
[0117] Upon completing coating of exterior panel por- 
tions of the vehicle body 2, the operation normally pro- 
ceeds to coating of interior panels of the vehicle body 2. 
In such a case, the bell-shape head is replaced by the 
bell-shape head 81 with the bell cup 82 of a smaller di- 15 
ameter which is more suitable for coating complicate 
coating surfaces of interior panels from the bell-shape 
head 42 for exterior panels. 

[0118] Therefore, for unloading the bell-shape head 
42 which was used for the exterior coating, the coating so 
robot 6 is operated to move the bell-shape head 42 to 
a head gripping mechanism 63 of the head changer 61 . 
Then, as shown in Figs. 1 6 and 17, the body 43 of the 
bell-shape head 42 is located between the support arms 
64B of the head receptacle member 64. 25 
[01 19] At this time, the clasping rods 65D of the head 
gripper 65 are brought into engagement with the recess- 
es 43C on the part of the body 43 to grip the beli-shape 
head 42 firmly therebetween. 

[0120] Substantially concurrently, the connecting rod 30 
67D of the bearing air supply mechanism 67 is extended 
out and fittingly connected to the on- replacement air in- 
flow port 53C of the bearing air passage 53. 1 n this state, 
bearing air is supplied to the bearing air passage 53 on 
the side of the head by the bearing air supply mecha- 35 
nism 67 through the bearing air passages 69 and the air 
passage 67E. On the other hand, at the side of the main 
assembly body, bearing air supply is stopped from the 
bearing air passage 25. 

[0121] Consequently, since bearing air is supplied to 40 
the air bearing 44E of the air motor 44 from the head 
changer 61 , bearing air is constantly supplied to the air 
bearing 44E to hold the rotational shaft 44C smoothly in 
rotation even after the bell-shape head 42 has been sep- 
arated from the common main assembly body 11 . 45 
[0122] In a next step, air is supplied to the vacuum 
space 27 to cancel the suction grip which holds the bell- 
shape head 42 fixedly to the common main assembly 
body 11. Then, as illustrated in Fig. 18, the common 
main assembly body 1 1 is moved upward to disconnect so 
same from the bell-shape head 42, extracting the feed 
tube 38 from the bell-shape head 42. Now, the used bell- 
shape head 42 can be dismantled from the coating robot 
6. 

[01 23] Now, the coating robot 6 can proceed to a next ss 
coating operation using one of the washed or fresh bell- 
shape heads 81 and 83 which are in the respective wait- 
ing positions. 



[0124] For this purpose, of the bell-shape heads 81 
and 83 which wait in a clean and fresh state, the coating 
robot 6 is moved to locate the common main assembly 
body 1 1 , for example, on the upper side of the bell-shape 
head 81 with a relatively small spray pattern. The com- 
mon main assembly body 11 is then lowered to insert 
the feed tube 38 into the bell-shape head 81 . Succeed- 
ingly, after connecting the bell-shape head 81 to the 
common main assembly body 11, the head gripping 
mechanism 63 is disengaged to release the bell-shape 
head 81 . As a consequence, the bell-shape head 81 can 
now be picked up from the head changer 61 by the coat- 
ing robot 6. Then, the coating robot 6 proceeds to coat- 
ing of interior panels of the vehicle body 2 , using the new 
bell-shape head 81. 

[0125] In the meantime, the used bell-shape head 42 
which has been detached from the common main as- 
sembly body 1 1 is washed clean by the washing mech- 
anism 70. 

[0126] More specifically, as shown in Fig. 1 9, the cyl- 
inder device 72 is operated to lower the washing assem- 
bly 73 toward the bell-shape head 42, and then the 
washing assembly 73 is connected to the bell-shape 
head 42, thereby passing the thinner tube 75 of the 
washing assembly 73 into the feed tube passage hole 
48 on the side of the bell-shape head 42. In this state, 
shaping air is supplied through the shaping air passage 
79 of the washing mechanism 70 and spurted out from 
the shaping air ring 46, thereby preventing thinner from 
scattering around during the washing operation along 
with paint which is released and sprayed by the bell cup 
45. At the same time, turbine driving air is supplied to 
the turbine air passage 80 of the washing mechanism 
70 to put the bell cup 45 in high speed rotation by the 
air motor 44. 

[0127] Then, as shown in Fig. 20, the thinner valve 76 
of the washing mechanism 70 is operated to open the 
thinner supply passage 75A of the thinner tube 75, 
thereby supplying thinner toward the bell cup 45 via the 
thinner passage 78 and thinner supply passage 75A. 
Accordingly, concurrently with the interior panel coating 
operation by the other bell-shape head 81, the bell- 
shape head 42 can be washed with thinner which is sup- 
plied from the thinner tube 75 of the washing mechanism 
70. 

[0128] Further, upon finishing the washing operation 
on the bell-shape head 42, the cylinder device 72 is op- 
erated to lift up the washing assembly 73 into the upper 
position, thereby leaving the bell-shape head 42 in a 
waiting state on the head gripper 65. When it becomes 
necessary to use the washed bell-shape head 42 again, 
the common main assembly body 11 between the bell- 
shape head 42 and the washing assembly 73 and 
picked up by the coating robot 6 after connecting the 
bell-shape head 42 with the common main assembly 
body 11. 

[0129] As described above, according to the present 
embodiment, the cartridge-type bell-shape sprayer 55 
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is constituted by the common main assembly body 11 
which is provided at the fore end of the horizontal arm 
9 of the coating robot 6 and the bell-shape head 42 
which is detachably connected to the common main as- 
sembly body 11 . Accordingly, at the time of coating the 
vehicle body 2, the paint which is supplied from the paint 
cartridge 32 is sprayed toward the vehicle body 2 by the 
bell-shape head 42. 

[0130] Besides, bell-shape heads 81 and 83 of differ- 
ent spray patterns are provided in addition to the bell- 
shape head 42, thereby permitting to connect these bell- 
shape heads 42, 81 and 83 replaceably to the common 
main assembly body 1 1 . It follows that, in case coating 
involves surfaces of different shapes and contours like 
exterior and interior panels of vehicle bodies 2, the bell- 
shape heads 81 and 83 which are suitable for coating 
interior surfaces can be selectively connected to the 
coating robot 6 and the common main assembly body 
11 in place of the bell-shape head 42 which is particu- 
larly suitable for coating exterior panels. This means that 
it becomes possible to reduce the number of the coating 
robots 6 and to reduce the cost of the automatic coating 
apparatus 4 to a significant degree, at the same time 
making it possible to reduce its installation space and to 
downsize the coating booth 1 . 
[0131] Further, in a case where a plural number of 
beil-shape heads 42 of a similar shape are provided in 
a waiting state on the head changer 61 and an abnor- 
mality is found in a bell-shape head 42 which is currently 
in use, a spare bell-shape head 42 can be easily and 
quickly connected in place of the current bell-shape 
head 42, for the purpose of avoiding shutdown of the 
whole coating line and improving productivity of the line. 
[0132] Further, for example, the head changer 61 is 
provided with three head gripping mechanisms 63, 
thereby holding two different bell-shape heads 81 and 
83 respectively in waiting positions. Needless to say, 
these arrangements contribute to broaden the range of 
applications of the automatic coating apparatus 4. 
[01 33] On the other hand, the provision of the recess- 
es 43C, which are the body 43 of the bell-shape head 
42 for coupling engagement with clasping rods 65D on 
the part of the head gripper 65, makes it easier for the 
head gripping mechanism 63 to grip the bell-shape head 
42 in a secure manner 

[0134] Further, at the time of washing the bell-shape 
head 42 by the washing mechanism 70 of the head 
changer 61 , the washing assembly 73 is lowered toward 
the bell-shape head 42 which is gripped on the head 
gripper 65, to insert the thinner tube 75 into the feed 
tube passage hole 48 on the bell-shape head 42. In this 
state, the thinner valve 76 is opened to supply thinner 
toward the bell cup 45 through the thinner tube 75, for 
washing off paint which has deposited on the bell cup 
45, and then the washed bell-shape head 42 is held in 
a waiting state in preparation for a next coating opera- 
tion. 

[0135] Further, at the time of washing the bell-shape 



head 42 by the washing ass mbly 73, shaping air is sup- 
plied to the bell-shape head 42 from and through the 
shaping air passage 79, to prevent thinner, which con- 
tains sprayed paint by the bell cup 45, from scattering 

5 around during the washing operation. Besides, since 
turbine air is supplied to the betl-shap head 42 from the 
turbine air passage 80, th bell cup 45 is put in high 
speed rotation during washing operation. 
[0136] The vertically movable washing assembly 73 

w is separated into an upper waiting position away from 
the bell-shape head 42 after a washing operation, so 
that the coating robot 6 can easily connect the common 
main assembly body 11 to the washed bell-shape head 
42. 

15 [0137] Further, the head changer 61 is provided with 
the bearing air supply mechanism 67 to supply bearing 
air to the air bearing 44E of the air motor 44 on the bell- 
shape head 42, 81 or 83 which is gripped on the head 
gripping mechanism 63. Accordingly, even when the 
20 beil-shape head 42, for example, is detached from the 
common main assembly body 1 1 , bearing air is supplied 
to the air bearing 44E to hydrostatically support the ro- 
tational shaft 44C, for preventing abrasive wear and 
damages to the rotational shaft 44C and prolonging the 
25 service life of the air motor 44. 

[01 38] Moreover, the vacuum space 27 is formed be- 
tween the head connecting portion 15 of the common 
main assembly body 11 and the bell-shape head 42, 81 
or 83, and air is sucked out from the vacuum space 27 
30 through the air suction passage 26 to hold the bell- 
shape head 42, 81 and 83 in a fixedly locked state rel- 
ative to the common main assembly body 1 1 by suction 
grip, thereby securely preventing dislocation or fall of 
the bell-shape head 42, 81 or 83. 
35 [0139] Further, a plural number of paint cartridges 32 
of different colors are repleaceably loadable in one com- 
mon main assembly body 11, it becomes possible to 
omit paint hoses which would otherwise be required for 
supply of paint of different colors, and to construct the 
40 machine in a simplified form, obviating the so-called 
voltage block insulation structure. 
[0140] Referring now to Figs. 21 and 22, there is 
shown a second embodiment of the present invention, 
with features in that a bell-shape head is detachably 
45 connective to a common main assembly body through 
a paint passage which supplies paint to the bell-shape 
head. In the following description of the second embod- 
iment, those component parts which are common with 
the foregoing first embodiment are designated by com- 
50 mon reference numerals or characters to avoid repeti- 
tions of same explanations. 

[0141] Indicated at 91 is a common main assembly 
body according to the present embodiment. This com- 
mon main assembly body 91 is largely constituted by a 
55 housing 92, a head connecting portion 95, a feed tube 
96, a paint passage 97, a paint valve 99, a discharge 
valve 100 and so on, which will be described hereinlater. 
In this instance, the common main assembly body 91 
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constitutes a main body which can be applied commonly 
to bell-shape sprayers 101 which will be described after. 
[0142] Indicated at 92 is the housing which is config- 
ured to form an outer shell of the common main assem- 
bly body 91 , and constituted by a neck portion 93 mount- 
ed on the wrist 10 of the horizontal arm 9, and a mount 
block 94. In this instance, a head connecting portion 95 
in the form of a cylindrical cavity is formed on the front 
side of the mount block 94 for replaceabfy connecting a 
bell-shape head 42 thereto. 

[01 43] Designated at 96 is the feed tube which is fix- 
edly provided on the front side of the mount block 94 of 
the housing 92. More specifically, the feed tube 96 has 
its base end securely fixed to the mount block 94 and 
its fore end projected axially in the forward direction. 
Further, the feed tube 96 internally defines an axially ex- 
tending paint supply passage 96A. 
[0144] Indicated at 97 is the paint passage which is 
formed in and between the neck portion 93 and the 
mount block 94. This paint passage 97 is connective to 
a paint supply source through a color changing valve 
device (both not shown) at its upstream end. The other 
downstream end of the paint passage 97 is connected 
to the paint passage 96A of the feed tube 96. Denoted 
at 98 is a discharge passage which is provided in com- 
munication with the paint passage 97. 
[0145] Indicated at 99 is the paint valve which is pro- 
vided in the mount block 94 of the housing 92 to open 
and close the paint supply passage 96A of the feed tube 
96. 

[0146] Indicated at 1 00 is the discharge valve which 
is provided in the mount block 94 of the housing 92 to 
open and close communication with the discharge pas- 
sage 98 through which a previous color is discharged at 
the time of a color changing operation. 
[0147] Thus, the present embodiment, with the ar- 
rangements as described above, can produce substan- 
tially the same operational effects as the foregoing em- 
bodiments. Particularly in the case of the present em- 
bodiment, the common main assembly body 91 is pro- 
vided with the paint passage 97 which is connected to 
a paint supply source, so that it can spurt out paint of a 
desired color, which is selected by way of the color 
changing valve device, from the feed tube 96 through 
the paint passage 97. Therefore, a bell-shape sprayer 
1 01 , which operates on an ordinary paint supply system 
with a color changing valve, is set up and put in an op- 
erative state upon connecting a bell-shape head 42 to 
the head connecting portion 95 of the common main as- 
sembly body 91. 

[0148] In the foregoing first embodiment, the head 
changer 61 is shown as being provided with three sets 
of head gripping and washing mechanisms 63 and 70. 
However, needless to say, the present invention is not 
limited to the particular arrangements shown. For exam- 
ple, two or four or more sets of head gripping and wash- 
ing mechanisms 63 and 70 may be provided on the head 
changer 61 if desired. 



[0149] Further, in the foregoing embodiments, as an 
example of working mechanism, the common main as- 
sembly body 11 or 111 is mounted on the wrist 10 of the 
coating robot 6. However, the present invention can be 
s realized by the use of other working mechanisms. For 
example, if necessary, the common main assembly 
body 11 or 111 may be mounted on a side reciprocator 
or a top reciprocator. 

[0150] Further, in theforegoing embodiments, the au- 
10 tomatic coating apparatus 4 is shown as having the so- 
called direct charging system, in which paint is directly 
charged with the high voltage from the high voltage gen- 
erator 20. However, the present invention is not limited 
to the particular charging system shown. If desired, the 
15 automatic coating apparatus can be configured into an 
indirect charging type, for example, with an external 
electrode provided on the outer peripheral side of the 
body 43 of the bell-shape head 42 to form a corona dis- 
charge region in such a way that paint particles are 
20 charged with a high voltage when they pass therea- 
cross. 

[0151] Furthermore, in the foregoing embodiments, 
the bell-shape heads 42, 81 and 84 are shown as being 
different from each other in diameter of the bell cups 45, 
25 82 and 81 . However, the present invention is not limited 
to this particular example. For instance, there may be 
employed a diversity of replaceable bell-shape heads 
which differ from each other in shape or material of bell 
cup or in diameter of repulsive electrode, if any. 

30 

INDUSTRIAL APPLICABILITY 

[0152] As described in detail hereinbefore, according 
to the present invention, there is provided an automatic 

35 coating apparatus which includes: a working mecha- 
nism be put in a coating action relative to a coating ob- 
ject; a common main assembly body fixedly mounted on 
the working mechanism to serve as a common main 
body for a number of sprayers; bell-shape heads each 

40 being replaceably connective to the common main as- 
sembly body to form a bell-shape sprayer in combina- 
tion with the common main assembly body and capable 
of spraying paint in finely atomized form by means of a 
bell cup rotating at high speed; and a head changer lo- 

45 cated within a working area of the working mechanism 
and provided with head gripping means for gripping the 
bell-shape heads at the time of replacement. With the 
arrangements just described, a bell-shape head which 
is detachably attached to the common main assembly 

50 body can be replaced in an efficient manner simply by 
moving the head to a predetermined replacing position 
on the head changer by means of the working mecha- 
nism. 

[0153] Further, in preparing a coating apparatus, a 
55 bell-shape head which is suited for a particular coating 
operation can be connected to the common main as- 
sembly body. It follows that a coating object can be coat- 
ed by spraying supplied paint toward the coating object 
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from the bell-shape head while moving the sprayer with 
th working mechanism. Besides, since the bell-shape 
head is disconnects ly connected to the common main 
assembly body, for example, a diversity of bell-shape 
heads with different spray patterns can be interchange- 
ably connected to the common main assembly body, de- 
pending upon the nature of coating surfaces on coating 
object, making it possible to cope with various coating 
conditions by the use of one and single common main 
assembly body. Furthermore, the above arrangements, 
permitting to share one working mechanism such as a 
coating robot or the like among a plural number of bell- 
shape heads, contribute to reduce the number of the 
working mechanisms as well as the installation space 
for the automatic coating apparatus and to downsize the 
coating booth. 



Claims 

1 . An automatic coating apparatus, comprising: 

a working mechanism to be put in predeter- 
mined coating actions relative to a coating ob- 
ject; 

a common main assembly body fixedly mount- 
ed on said working mechanism to serve as a 
main assembly body for a number of sprayers; 
a number of bell-shape heads each displacea- 
bly connectibleto said common main assembly 
body to form bell-shape sprayers and adapted 
to spray supplied paint in a finely atomized form 
by means of a bell-shaped cup rotating at high 
speed; and 

a head changer provided within a working area 
of said working mechanism and adapted to hold 
a grip on and off said bell-shape heads at the 
time of replacing a bell-shape head on said 
common main assembly body. 

2. An automatic coating apparatus as defined in claim 
1 , wherein said head changer is comprised of at 
least a couple of head gripper mechanisms, one for 
gripping a bell-shape head which has been trans- 
ferred to a predetermined replacing position by said 
working mechanism, and the other one for holding 
another bell-shape head in a waiting position in 
preparation for connection to said common main 
assembly body. 

3. An automatic coating apparatus as defined in claim 
t , wherein said head changer is comprised of head 
gripping mechanisms each adapted to hold a grip 
on and off a bell-shape head, and head washing 
mechanisms each adapted to wash a bell-shape 
head which is gripped on one of said head gripping 
mechanisms. 



4. An automatic coating apparatus as defined in claim 
1 , wherein said head changer is comprised of at 
least a couple of head gripping mechanisms, one 
for gripping a used bell-shape head which has been 

5 transferred to a predetermined replacing position by 
said working mechanism and the other one for hold- 
ing another washed bell-shape head in a waiting po- 
sition in preparation for connection to said common 
main assembly body, and at least a couple of head 

10 washing mechanisms each adapted to wash a bell- 
shape head which is gripped on one of said head 
gripping mechanisms. 

5. An automatic coating apparatus as defined in claim 
15 t , wherein said head changer is comprised of head 

gripping mechanisms adapted to hold a grip on and 
off a bell-shape head, washing mechanisms adapt- 
ed to wash a bell-type head gripped on one of said 
gripping mechanisms, and a bearing air supply 
20 mechanism adapted to supply air to air bearing of 
an air motor of a bell-shape head which is gripped 
on one of said head gripping mechanisms. 

6. An automatic coating apparatus as defined in claim 
25 1 , wherein each one of said bell-shape sprayers is 

of a cartridge-type bell-shape sprayer adapted to be 
replaceably loaded with paint cartridges of various 
colors, each one of said paint cartridge comprising 
a container filled with paint and a feed tube extend- 
30 ing axially forward from said container. 

7. An automatic coating apparatus as defined in claim 
6, wherein said common main assembly body com- 
prises a cartridge loading cavity for receiving said 

35 paint cartridge and an axial feed tube passage hole 
to receive said feed tube, and each one of said bell- 
shape heads is internally provided with an axial feed 
tube passage hole to receive said feed tube. 

40 8. An automatic coating apparatus as defined in claim 
6, wherein each one of said beil-shape heads is in- 
ternally provided with an axial feed tube passage 
hole to receive said feed tube of said paint cartridge 
therein, and said head changer is provided with 

45 head gripping mechanisms for gripping said bell- 
shape heads along with washing mechanisms for 
washing said bell-shape heads while being gripped 
on said head gripping mechanisms, said washing 
mechanisms each being provided with a wash fluid 

50 supply tube to be inserted into said feed tube pas- 
sage hole in said bell-shape head for spurting a 
wash fluid thereinto. 

9. An automatic coating apparatus as defined in claim 
55 6, wherein said bell-shape heads are each internal- 
ly provided with an axial feed tube passage hole to 
receive said feed tube of said paint cartridge, and 
said head changer is provided with head gripping 
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mechanisms for gripping said bell-shape heads, 
washing mechanisms for washing said bell-shape 
heads while being gripped on said head gripping 
mechanisms, and bearing air supply mechanisms 
for supplying bearing air to an air bearing of an air 
motor in said b ll-shape heads while being gripped 
on said gripping mechanisms, said washing mech- 
anisms each being provided with a wash fluid sup- 
ply tube to be inserted into said feed tube passage 
hole in said bell-shape head for spurting a wash flu- 
id thereinto, and a turbine air supply passage for 
supplying turbine air to said airmotor of a bell-shape 
head being washed, thereby keeping said bell cup 
in rotation during a washing operation. 

10. An automatic coating apparatus as defined in claim 
1 , wherein said common main assembly body is 
provided with a head connecting portion to which 
one of said bell-shape heads is disconnectibly con- 
nected, and an air suction passage in communica- 
tion with a vacuum space formed between said 
head connecting portion and a connected bell- 
shape head, sucking out air from said vacuum 
space through said air suction passage to hold said 
bell-shape head fixedly to said common main as- 
sembly body with suction grip. 

1 1 . An automatic coating apparatus as defined in claim 
1 , wherein said common main assembly body has 
a feed tube axially projected on the front side there- so 
of, while said bell-shape heads are each internally 
provided with an axial feed tube passage hole to 
receive said feed tube. 

12. An automatic coating apparatus, comprising: 35 



time of replacing a bell-shape head on said 
common main assembly body; and 
said bell-shape sprayers are formed the car- 
tridge-type bell-shape sprayers which are re- 
placably connected a number of paint cartridge 
of different colors to said common main assem- 
hbly body. 

13. An automatic coating apparatus as defined in claim 
1 , wherein said working mechanism is a coating ro- 
bot or a coating reciprocator provided in a coating 
booth, and said common main assembly body is 
mounted on a distal end portion of said coating ro- 
bot or reciprocator. 
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a working mechanism to be put in predeter- 
mined coating actions relative to a coating ob- 
ject; 

. a common main assembly body fixedly mount- *o 
ed on said working mechanism to serve as a 
common main assembly body for a number of 
sprayers; 

a number of bell-shape heads each displacea- 
bly connective to said common main assembly 45 
body to form bell-shape sprayers and adapted 
to spray supplied paint in a finely atomized form 
by means of a bell-shaped cup rotating at high 
speed; 

a number of paint cartridges of different colors, 50 
each having a container filled with a specific 
paint color, a feed tube axially extended out on 
the front side of said container for insertion into 
said common main assembly body and one of 
said bell-shape heads; and 55 
a head changer provided within a working area 
of said working mechanism and adapted to hold 
a grip on and off said bell-shape heads at th 
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Fig. 3 
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Fig. 8 
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Fig. 10 
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Description 

TECHNICAL FIELD 

[0001] This invention relates to an automatic coating 
apparatus which is suitable for use, for example, in coat- 
ing objects such as vehicle bodies and the like. 

BACKGROUND ART 

[0002] Generally, coating objects like automotive ve- 
hicle bodies (hereinafter referred to simply as "vehicle 
bodies" for brevity) are coated by an automatic coating 
apparatus which is installed within a coating booth. The 
automatic coating apparatus of this sort is largely con- 
stituted by a working mechanism which is put in action 
in relation with coating objects which are delivered to 
the coating booth by a conveyer, and a coater or sprayer 
unit which is mounted on the working mechanism and 
arranged to spray paint toward the delivered coating ob- 
jects. 

[0003] In this connection, as a working mechanism, it 
has been the general practice to employ a coating robot 
which is provided with a plural number of joints to carry 
out a coating operation on vehicle bodies according to 
contents of teaching, or a reciprocator which is arranged 
to reciprocate across a certain range in coating vehicle 
bodies. In order to follow the movement of vehicle bod- 
ies on a conveyer in the course of a coating operation, 
the working mechanism is usually mounted on a track- 
ing mechanism and thereby moved along the conveyer. 
[0004] Further, resorted to as a sprayer in most cases 
are bell-shape sprayers which are arranged to atomize 
paint mainly by means of a bell-shaped cup which is put 
in high speed rotation. There have been a diversity of 
bell-shape sprayers which differ from each other in dia- 
metrical size of the bell cup as well as in spurting direc- 
tion and feed rate of shaping air which forms a spray 
pattern. A suitable bell-shape sprayer for a coating robot 
is selected depending upon various conditions such as 
the shape of an object to be coated, the type and color 
of paint to be used and coat finishing conditions. There- 
fore, for coating exterior panels of a vehicle body, for 
example, it is the general practice to use a bell-shape 
sprayer with a bell cup of a large diameter, which is suit- 
able for coating broad surface areas and can produce 
satisfactory coatings in finish quality. On the other hand, 
for coating interior surfaces of vehicle bodies, a beli- 
shape sprayer with a bell cup of a small diameter is gen- 
erally employed because it is more suited for spotwise 
coating operations. 

[0005] In the case of a prior art automatic coating ap- 
paratus of this sort, different types of sprayers are em- 
ployed as mentioned above, depending upon the shape 
of coating objects as well as upon the type and color of 
paint to be used. In use, each sprayer needs to be inte- 
grally mounted on a working mechanism like a coating 
robot, so that it has been necessary to provide a plural 



number of automatic coating apparatus along a vehicle 
body coating line to cope with different coating condi- 
tions, despite increases in equipments cost of the pro- 
duction line and in machine installation space, which ne- 
5 cessitate to provide a coating booth of an extremely 
large size. 

[0006] On the other hand, in orderto solve these prob- 
lems, various attempts have thus far been made to re- 
place the sprayer each time when changing the paint 
10 color or conditions of a coating operation, as disclosed 
in Japanese Patent Laid-Open No. S60-1 22071 and 
H4-83549. 

[0007] However, the prior art automatic coating appa- 
ratus, which are arranged to replace a sprayer as a 

15 whole by a different type, require to provide a plural 
number of diverse sprayers for each paint color, that is 
to say, to provide a vast number of sprayers. In addition, 
the prior art automatic coating apparatus has a draw- 
back that a great deal of labor and time is required in 

20 replacing the entire sprayer each time. 

[0008] Further, in this regard, there have been known 
in the art cartridge-type coating apparatus which are ar- 
ranged to mount a sprayer fixedly on a coating robot, 
while setting a paint cartridge of a selected color re- 

25 placeably on the sprayer in order to obviate the trouble- 
some job of replacing the entire sprayer (e.g., as dis- 
closed in Japanese Patent Laid-Open No. S63-1 75662 
and H8-229446). 

[0009] In the case of an automatic coating apparatus 
30 which is disclosed in the above-mentioned Japanese 
Patent Laid-Open No. S63-1 75662, a paint cartridge 
which is selected from an assortment of paint cartridges 
is replaceably loaded on a coating machine before start- 
ing a coating operation. At the time of cartridge replace- 
35 ment, by way of a hose which is connected to the 
sprayer, a wash fluid is supplied to wash away a previ- 
ous color which has deposited on the sprayer. 
[001 0] On the other hand, an automatic coating appa- 
ratus which is disclosed in the other Japanese Patent 
40 Laid-Open No. H8-229446 is provided with a plural 
number of paint cartridges which are replaceably set on 
a bell-shape sprayer. 

[0011] However, in the case of these prior art auto- 
matic coating apparatus, it is necessary to provide a 

45 hose along a robot arm to supply therethrough a wash 
fluid for washing the sprayer, despite the difficulties of 
routing the hose to and along the robot arm in a tidy way. 
In addition, the wash fluid supply hose which droops 
down between the robot arm and the sprayer may cause 

50 a flaw or damage to a coating object by contacting the 
hose during operation, or may suffer from damages or 
frictional wear by contacting other component parts of 
the apparatus. 

[0012] Furthermore, in the case of a bell-shape 
55 sprayer as disclosed in Japanese Patent Laid-Open No. 
H8-229446, the sprayer with a bell-shape cup which is 
fixedly mounted on a coating robot in a fixed state re- 
quires a long washing time for cleaning the bell cup, and 
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suffers from low productivity because a coating opera- 
tion is interrupted for a long tim while the bell cup is 
being washed. 

DISCLOSURE OF THE INVENTION 

[0013] In view of the above-described problems with 
the prior art, it is an object of the present invention to 
provide an automatic coating apparatus which is ar- 
ranged to attach a diversity of bell-shape heads replace- 
ably to a common assembly body which is mounted on 
a single working mechanism, thereby permitting consid- 
erable reductions in cost and apparatus installation 
space. 

[0014] It is another object of the present invention to 
provide an automatic coating apparatus which permits 
to replace bell-shape heads in a facilitated manner and 
as a result to enhance the productivity of the apparatus. 
[001 5] It is still another object of the present invention 
to provide an automatic coating apparatus which per- 
mits to carry out and continue a coating operation by the 
use of one bell-shape head while washing another bell- 
shape head which was used in a previous coating op- 
eration, thus ensuring improved productivity of the ap- 
paratus. 

[001 6] It is a further object of the present invention to 
provide an automatic coating apparatus which can fa- 
cilitate washing operations on bell-shape heads to a sig- 
nificant degree particularly in case the bell-shape heads 
are of a cartridge-type sprayer which is arranged to be 
replaceably loaded with a plural number of paint car- 
tridges of different colors. 

[0017] In order to solve the above-mentioned prob- 
lems, according to the present invention, three is pro- 
vided an automatic coating apparatus, which compris- 
es: a working mechanism to be put in predetermined 
coating actions relative to a coating object; a common 
main assembly body fixedly mounted on the working 
mechanism to serve as a main assembly body for a 
number of sprayers; a number of bell-shape heads each 
displaceabfy connective to the common main assembly 
body to form a bell-shape sprayers and adapted to spray 
supplied paint in a finely atomized form by means of a 
bell-shaped cup rotating at high speed; and a head 
changer provided within a working area of the working 
mechanism and adapted to hold a grip on and off the 
bell-shape heads at the time of replacing a bell-shape 
head on the common main assembly body. 
[0018] With the arrangements just described, the 
head changer is located within a working area of the 
working mechanism, so that, at the time of replacing the 
bell-shape head which is replaceably attached to the 
common main assembly body, the bell-shape head can 
be automatically replaced by moving same to a prede- 
termined head replacing position on the head changer 
through the working mechanism. 
[001 9] In a case where a bell-shape head is connect- 
ed to the common main assembly body to form a bell- 



shape sprayer, the resulting bell-shape sprayer is 
moved by the working mechanism while spraying sup- 
plied paint from a bell cup toward a coating object. 
[0020] In addition, since the bell-shape head is de- 

5 tachably connected to the common main assembly 
body, it can be replaced by other bell-shape heads of 
different spray patterns, depending upon the nature of 
coating surfaces of coating objects. 
[0021] According to the present invention, the head 

10 changer is comprised of at least a couple of head gripper 
mechanisms, one for gripping a bell-shape head which 
has been transferred to a predetermined head replacing 
position by the working mechanism, and the other one 
for holding another bell-shape head in a waiting position 

15 jn preparation for connection to the common main as- 
sembly body. 

[0022] With the arrangements just described, upon 
completing a coating operation by one bell-shape head, 
the used bell-shape head is transferred to one of the 

20 gripping mechanisms by means of the working mecha- 
nism and detached from the common main assembly 
body and instead gripped on one gripping mechanism. 
In the next place, the common main assembly body is 
moved toward another bell-shape head waiting by on 

25 the other gripping mechanism by the working mecha- 
nism and connected with the new head to continue a 
coating operation. 

[0023] According to the present invention, the head 
changer is comprised of head gripping mechanisms 
30 each adapted to hold a grip on and off a bell-shape head, 
and head washing mechanisms each adapted to wash 
a bell-shape head which is gripped on one of the head 
gripping mechanisms. 

[0024] With the arrangements just described, as soon 
35 as a used bell-shape head is gripped on one gripping 
mechanism of the head changer, the bell-shape head 
including its bell cup can be cleaned by the use of a 
washing mechanism. 

[0025] According to the present invention, the head 

to changer is comprised of at least a couple of head gripper 
mechanisms, one for gripping a used bell-shape head 
which has been transferred to a predetermined replac- 
ing position by the working mechanism and the other 
one for holding another washed bell-shape head in a 

45 waiting position in preparation for connection to the 
common main assembly body, and at least a couple of 
head washing mechanisms each adapted to wash a 
bell-shape head which is gripped on one of the head 
gripping mechanisms. 

50 [0026] With the arrangements just described, upon 
finishing a coating operation, a used bell-shape head is 
transferred to a predetermined head replacing position 
by the working mechanism, and gripped on one of the 
gripping mechanisms of the head changer. Then, anoth- 

55 er bell-shape head waiting by on the other gripping 
mechanism is picked up and connected to the common 
main assembly body by the working mechanism to con- 
tinue the coating operation. In the meantime, the used 
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bell-shape head which is gripped on one gripping mech- 
anism, is washed by one washing mechanism concur- 
rently with the coating operation by the other bell-shape 
head. 

[0027] According to the present invention, the head 5 
changer is comprised of head gripping mechanisms 
adapted to hold a grip on and off a bell-shape head, 
washing mechanisms adapted to wash a bell-shape 
head gripped on one of the gripping mechanism, and a 
bearing air supply mechanism adapted to supply air to 
air bearing of an air motor of a bell-shape head which is 
gripped on one of the head gripping mechanisms. 
[0028] With the arrangements just described, when a 
bell-shape head is gripped on one gripping mechanism 
of the head changer, bearing air is supplied to air bearing 
of an air motor of the gripped head. Accordingly, even 
when the bell-shape head is disconnected to the com- 
mon main assembly body, the rotational shaft of the air 
motor is hydrostatically supported by the air bearing, 
thereby preventing abrasive wear or damages which 
would otherwise occur to the air motor. 
[0029] According to the present invention, each one 
of the bell-shape sprayers is of a cartridge-type adapted 
to be reptaceably loaded with paint cartridges of various 
colors, each one of the paint cartridge comprising a con- 
tainer filled with paint and a feed tube extending axially 
forward from the container. 

[0030] With the arrangements just described, paint 
cartridges of various colors can be replaceably loaded 
into the common main assembly body of the bell-shape 
sprayer. In this case, the cartridge-type sprayer can feed 
paint of different colors through feed tubes of the respec- 
tive paint cartridges. 

[0031] According to the present invention, the com- 
mon main assembly body comprises a cartridge loading 
cavity for receiving the paint cartridge and an axial feed 
tube passage hole to receive the feed tube, and each 
one of the bell-shape heads is internally provided with 
an axial feed tube passage hole to receive said feed 
tube. 

[0032] With the arrangements just described, when 
one of the paint cartridges of different colors is selec- 
tively fitted into the common main assembly body, paint 
of a selected color can be fed to the bell-shape head 
through the feed tube which is passed into the feed tube 
passage holes in the common main assembly body and 
the bell-shape head. 

[0033] According to the present invention, each one 
of the bell-shape heads is internally provided with an 
axial feed tube passage hole to receive the feed tube of 
the paint cartridge therein, and the head changer is pro- 
vided with head gripping mechanisms for gripping the 
bell-shape heads along with washing mechanisms for 
washing the bell-shape heads while being gripped on 
the head gripping mechanisms, the washing mecha- 
nisms each being provided with a wash fluid supply tube 
to be inserted into the feed tube passage hole in the bell- 
shape head for spurting a wash fluid thereinto. 



[0034] With the arrangements just described, when a 
bell-shape head is gripped on one gripping mechanism 
of the head changer after a coating operation, the wash 
fluid supply tube of a washing mechanism is passed into 
the feed tube passage hole of the bell-shape head, and 
a wash fluid is spurted out from the wash fluid supply 
tube to wash away deposited paint from the bell-shape 
head. 

[0035] According to the present invention, the bell- 
shape heads are each internally provided with an axial 
feed tube passage hole to receive the feed tube of the 
paint cartridge, and the head changer is provided with 
head gripping mechanisms for gripping the bell-shape 
heads, washing mechanisms for washing the bell-shape 
heads while being gripped on the head gripping mech- 
anisms, and bearing air supply mechanisms for supply- 
ing bearing air to an air bearing of an air motor in the 
bell-shape heads while being gripped on the gripping 
mechanisms, the washing mechanisms each being pro- 
vided with a wash fluid supply tube to be inserted into 
the feed tube passage hole in the bell-shape head for 
spurting a wash fluid thereinto, and a turbine air supply 
passage for supplying turbine air to the air motor of a 
bell-shape head being washed, thereby keeping the bell 
cup in rotation during a washing operation. 
[0036] With the arrangements just described, when a 
bell-shape head is gripped on one gripping mechanism 
of the head changer after a coating operation, bearing 
air is supplied to the air bearing of the air motor from the 
bearing air supply mechanism to hydrostatically support 
the rotational shaft of the air motor. Further, the wash 
fluid supply tube of a washing mechanism is passed into 
the feed tube passage hole in the bell-shape head, and 
the turbine air supply passage is connected to the air 
motor of the bell-shape head. Then, through the turbine 
air supply passage, turbine air is supplied to the air mo- 
tor of the bell-shape head, so that a bell cup on the bell- 
shape head is kept in rotation while a wash fluid is spurt- 
ed out from the wash fluid supply tube to wash away 
deposited paint from the head including the bell cup. 
[0037] According to the present invention, the com- 
mon main assembly body is provided with a head con- 
necting portion to which one of the bell-shape heads is 
disconnectibly connected, and an air suction passage 
in communication with a vacuum space formed between 
the head connecting portion and a connected bell-shape 
head, sucking out air from the vacuum space through 
the air suction passage to hold the bell-shape head fix- 
edly to the common main assembly with suction grip. 
[0038] With the arrangements just described, upon 
connecting a bell-shape head to the head connecting 
portion of the common main assembly body, air is 
sucked out through the air suction passage from a vac- 
uum space which is formed between the head connect- 
ing portion and the bell-shape head, thereby to pull and 
hold the bell-shape head against the common main as- 
sembly body fixedly and stably by a suction grip. On the 
other hand, at the time of disconnecting the bell-shape 
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head from the common main assembly body, air is sup- 
plied to the vacuum space to cancel the suction grip. 
[0039] According to the present Invention, the com- 
mon main assembly body has a feed tube axially pro- 
jected on the front side thereof, while the bell-shape 5 
heads are each internally provided with an axial feed 
tube passage hole to receive the feed tub . 
[0040] With the arrangements just described, paint is 
of a desired color can be supplied through a color chang- 
ing valve device or the like, and the supplied paint spurt- io 
ed out from the feed tube of the common main assembly 
body and sprayed by the bell-shape head. 
[0041] According to the present invention, there is al- 
so provided an automatic coating apparatus, which 
comprises: a working mechanism to be put in predeter- 1$ 
mined coating actions relative to a coating object; a 
common main assembly body fixedly mounted on the 
working mechanism to serve as a common main assem- 
bly body for a number of bell-shape sprayer; a number 
of bell-shape heads each displaceably connective to 20 
the common main assembly body to form bell-shape 
sprayers and adapted to spray supplied paint in a finely 
atomized form by means of a bell-shaped cup rotating 
at high speed; a number of paint cartridges of different 
colors, each having a container filled with a specific paint 25 
color, a feed tube axially extended out on the front side 
of the container for insertion into the common main as- 
sembly body and one of the bell-shape heads; and a 
head changer provided within a working area of the 
working mechanism and adapted to hold a grip on and so 
off the bell-shape heads at the time of replacing a bell- 
shape head on the common main assembly body; and 
said bell-shape sprayers are formed cartridge-type bell- 
shape sprayers which are replacabley connected a 
number of paint cartridge of different colors to said com- 35 
mon main assembly body. 

[0042] In a preferred form according to the present in- 
vention, the working mechanism is a coating robot or a 
coating reciprocator provided in a coating booth, and the 
common main assembly body is mounted on a distal 40 
end portion of the coating robot or reciprocator. 
[0043] With the arrangements just described, by mov- 
ing the coating robot or coating reciprocator in predeter- 
mined actions, the bell-shape head which is connected 
to the common main assembly body, on a fore distal end 
of an arm of the robot or reciprocator, is moved along 
coating surfaces of a coating object to spray paint ther- 
eon. 

BRIEF DESCRIPTION OF THE DRAWINGS 50 

[0044] In the accompanying drawings: 

Fig. 1 is a front view of an automatic coating appa- 
ratus according to a first embodiment of the present 55 
invention, showing the automatic coating apparatus 
along with a vehicle body and a conveyer; 
Fig. 2 is a plan view of the automatic coating appa- 



ratus which is installed within a coating booth; 
Fig. 3 is a vertical sectional view, taken through a 
common main assembly body, a paint cartridge and 
a bell-shape head of the apparatus; 
Fig. 4 is an enlarged vertical sectional view through 
the common main assembly body, paint cartridge 
and bell-shape head of Fig. 3, with a repulsive elec- 
trode omitted therefrom; 

Fig. 5 is a fragmentary vertical sectional view on an 
enlarged scale of the common main assembly body; 
Fig. 6 is a left-hand side view of the common main 
assembly body, taken in the direction of arrows VI- 
VI of Fig. 5; 

Fig. 7 is an enlarged vertical sectional view of the 
paint cartridge; 

Fig. 8 is an enlarged vertical sectional view of the 
bell-shape head, with the repulsive electrode omit- 
ted therefrom; 

Fig. 9 is a right-hand side view of the bell-shape 
head, taken in the direction of arrows IX-IX of Fig. 8; 
Fig. 10 is a vertical sectional view of the bell-shape 
head, taken in the direction of arrows X-X of Fig. 8; 
Fig. 11 is a front view of a head changer; 
Fig. 1 2 is a left-hand side view of the head changer, 
taken in the direction of arrows XII-XII of Fig. 11; 
Fig. 13 is an enlarged partly cutaway plan view of a 
head gripper mechanism and a bearing air supply 
mechanism, taken in the direction of arrows XIII-XIII 
of Fig. 11; 

Fig. 1 4 is a sectional view of the head gripper mech- 
anism, taken in the direction of arrows XIV-XIV of 
Fig. 13; 

Fig. 15 is a sectional view of the head gripper mech- 
anism, taken in the direction of arrows XV-XV of Fig. 
13; 

Fig. 16 is a vertical sectional view of the bell-shape 
head which is located in a head changing position 
of the head changer, along with the common main 
assembly body and paint cartridge; 
Fig. 17 is a vertical sectional view of the bell-shape 
head which is located in the head changing position 
of the head changer, along with the common main 
assembly body and paint cartridge, taken in the di- 
rection of arrows XVII-XVII of Fig. 16; 
Fig. 18 is a vertical sectional view of the bell-shape 
head which is being separated from the common 
main assembly body in an upward direction; 
Fig. 19 is a vertical sectional view of a washing 
mechanism which is being lowered toward the bell- 
shape head which is gripped on the head gripper 
mechanism; 

Fig. 20 is a vertical sectional view of the bell-shape 
head which is being washed by the washing mech- 
anism; 

Fig. 21 is a vertical sectional view of a bell-shape 
head which is connected to a common main assem- 
bly body according to a second embodiment of the 
present invention; and 
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Fig. 22 is a vertical sectional view of the common 
main assembly body shown in Fig. 21 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0045] Hereafter, the present invention is described 
more particularly with reference to the accompanying 
drawings which show by way of example vehicle body 
coating operations by automatic coating apparatus ac- 
cording to the present invention. 
[0046] Referring first to Figs. 1 through 20, there is 
shown a first embodiment of the present invention, hav- 
ing a feature in that it permits to replaceably mount on 
the apparatus a bell-shape head chosen from three dif- 
ferent types of bell-shape heads. 
[0047] indicated at 1 is a coating booth which is pro- 
vided for coating automotive vehicle bodies 2 as objects 
to be coated (indicated by two-dot chain line in Fig. 2), 
which are delivered one after another by a conveyer 3 
which is provided in the coatingbooth 1. Provided along- 
side and on each side of the conveyer 3 is an automatic 
coating apparatus 4 as will be described in greater detail 
later. 

[0048] Designated at 4 are the automatic coating ap- 
paratus which are located alongside and on the opposite 
sides of the conveyer 3. Each automatic coating appa- 
ratus 4 is largely constituted by a coating robot 6, a com- 
mon main assembly body 11 , a bell-shape head 42, 81 
or 83, and a head changer 61 . 
[0049] Denoted at 5 are two track rails which are pro- 
vided at a predetermined distance from and in parallel 
relation with the opposite right and left sides of the con- 
veyer 3. The track rail 5 constitutes a tracking mecha- 
nism, as part of a working mechanism, providing a track 
to let a coating robot 6, which will be described herein- 
later, move parallel with the conveyer 3, following move- 
ments of a vehicle body 2 which is transferred by the 
conveyer 3. 

[0050] Indicated at 6 are coating robots which are pro- 
vided on the track rails 5 to serve as a working mecha- 
nism, respectively. According to contents of teaching 
and through a common main assembly body 11 which 
is provided at a fore distal end, the coating robot 6 is 
operative to move a bell-shape head 42 along with the 
vehicle body 2 on the conveyer while coating the vehicle 
body 2. In this instance, as shown in Fig. 1 , the coating 
robot 6 is largely constituted by a base 7 which is mount- 
ed on the track rail 5 and movable in the transfer direc- 
tion of the conveyer 3, a vertical arm 8 which is rotatably 
and pivotally supported on the base 7, a horizontal arm 
9 which is pivotally supported on an upper end of the 
vertical arm 8, and a wrist portion 10 which is provided 
at a fore distal end of the horizontal arm 9. Further, the 
coating robot 6 is operative to move the bell-shape head 
to and from a coating zone A for coating a vehicle body 
2 and a head replacing zone B for replacing a bell-shape 
head 42, 81 or 83 which will be described hereinafter. 
[0051] Indicated at 11 is a common main assembly 



body which is provided on the coating robot 6. As shown 
in Figs. 3 and 4, the common main assembly body 11 is 
largely constituted by a housing 12, a head connecting 
portion 1 5, a cartridge loading cavity 1 6 and a feed tube 
passage hole 1 9. In this instance, the common main as- 
sembly body 1 1 constitutes a common base body in set- 
ting up a number of cartridge-type bell-shape sprayers 
55 of different properties. 

[0052] Indicated at 12 is the housing which forms an 
outer shell of the common main assembly body 11 . The 
housing 12 is mounted on a fore distal end of the wrist 
portion 10. More specifically, the housing 12 is consti- 
tuted by a neck portion 1 3 which is attached to the wrist 
portion 10 at the fore distal end of the horizontal arm 9 
through a cylindrical clamp portion 13A, and a coupler 
portion 14 which is formed integrally at a fore distal end 
of the neck portion 13. 

[0053] Denoted at 15 is a head connecting portion 
which is provided at the front end of the coupler portion 
14. To this head connecting portion 15, the bell-shape 
head 42 and so forth are replaceably connected in the 
manner as will be described hereinafter. As shown in 
Fig. 5, the head connecting portion 15 is formed in a 
hollow cylindrical shape. Upon fitting a rear end portion 
of the bell-shape head 42 into the head connecting port- 
ing 15, a vacuum space 27 is formed therebetween 
thereby to hold the bell-shape head 42 fixedly to the 
head connecting portion 15 with suction grip. 
[0054] Further, designated at 1 6 is the cartridge load- 
ing cavity which is formed into the rear end of the coupler 
portion 14. This cartridge loading cavity 16 replaceably 
receives therein a paint cartridge 32 which will be de- 
scribed hereinafter. As shown in Fig. 5, the cartridge 
loading cavity 1 6 is provided with a stepped large diam- 
eter bore portion 1 6A to be brought into fitting engage- 
ment with a container 33 of a paint cartridge 32 and a 
cartridge casing block 37, and a small diameter bore 
portion 1 6B to be brought into fitting engagement with 
a support cylinder 37A of the cartridge casing block 37. 
When a container 33 of a paint cartridge 32 is fitted into 
the cartridge loading cavity 1 6, air is sucked out through 
an air suction passage (not shown) from a vacuum 
space 1 7 which is formed on the inner side of the car- 
tridge container 33, thereby holding the paint cartridge 
32 fixedly in the loaded position with suction grip sub- 
stantially through the same mechanism as the suction 
grip on the head connecting portion 15. 
[0055] Indicated at 18 is a tube guide on the side of 
the common main assembly body, to be fitted in coaxial 
relation with the cartridge loading cavity 1 6. This tube 
guide 1 8 is formed in the shape of a stepped tube by a 
conductive material, and, as shown in Fig. 5, internally 
provided with a hollow passage 1 8A which forms part of 
a feed tube passage hole 19. 

[0056] Indicated at 19 is the feed tube passage hole 
on the side of the main assembly unit which is composed 
of the small diameter bore portion 16B of the cartridge 
loading cavity 16 and the hollow passage 18A of the 
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tube guide 1 8. This feed tube passage hole 1 9 is formed 
in the shape of a stepped bore which extends through 
and between the head connecting portion 15 and the 
cartridge loading cavity 16 of the coupler portion 14. Fur- 
ther, the feed tube passage hole 1 9 is formed in coaxial 
relation with a feed tube passage hole 48 on the side of 
the head, which will be described after. 
[0057] Denoted at 20 is a high voltage generator 
which is provided on the neck portion 13 of the housing 
12. This high voltage generator 20 is constituted, for ex- 
ample, by a Cockcroft circuit and adapted to elevate a 
source voltage from a power supply (not shown), for ex- 
ample, to a high voltage level between -60kv and 
-120kv. The output side of the high voltage generator 20 
is electrically connected, for example, to the tube guide 
1 8 on the side of the main assembly body. Accordingly, 
paint which flows through the feed tube 38 is directly 
charged by a high voltage from the high voltage gener- 
ator 20 through the tube guide 1 8. Further, the high volt- 
age is also applied to the bell cup 45 from the feed tube 
38 through a rotational shaft 44C of an air motor 44. 
[0058] Indicated at 21 is an optical fiber cable which 
is provided on the housing 12 to extended between and 
through the neck portion 13 and the coupler portion 14 
of the housing 12. A plug 21 A which is provided at the 
fore distal end of the optical fiber cable 21 is projected 
on the front side of the head connector portion 1 5. When 
the bell-shape head 42 is attached to the head connect- 
ing portion 15 of the coupler portion 14, the plug 21 A of 
the optical fiber cable 21 is received in a cable recepta- 
cle hole 49 and located in the proximity of an air turbine 
pin 44D of the air motor 44. Through the optical fiber 
cable 21, rotational speed of the air turbine 44D is de- 
tected by a rotational speed sensor (not shown) which 
is connected to the proximal end of the optical fiber cable 
21. 

[0059] Denoted at 22 is a shaping air passage on the 
side of the main assembly body which is provided in the 
housing 1 2 to supply shaping air to a shaping air ring 46 
which will be described hereinafter. The shaping air pas- 
sage 22 is provided with a joint tube portion 22A at its 
fore end to be connected to a shaping air passage 50 
on the side of the head. 

[0060] Indicated at 23 is a turbine air passage (Fig. 6) 
on the side of the main assembly body, which is provided 
in the housing 12. This turbine air passage 23 serves to 
supply driving air to the air turbine 44D of the air motor 
44. Further, similarly to the above-mentioned joint tube 
22A, the turbine air passage 23 is provided with a joint 
tube 23A to be connected to a turbine air passage 51 
on the side of the head. 

[0061] Indicated at 24 is a brake air passage on the 
side of the main assembly body, which is provided in the 
housing 12. This brake air passage 24 serves to supply 
brake air to the air turbine 44D of the air motor 44. Fur- 
ther, similarly to the joint tube 22A, the brake air passage 
24 is also provided with a joint tube portion 24A to be 
connected to a brake air passage 52 on the side of the 



head. 

[0062] Designated at 25 is a bearing air passage on 
the side of the main assembly body, which is also pro- 
vided in the housing 12. This bearing air passage 25 

5 serves to supply bearing air to an air bearing 44E of the 
air motor 44. Likewise, the bearing air passage 25 is pro- 
vided with a joint tube portion 25A to be connected to a 
bearing air passage 53 on the side of the head. 
[0063] Further, indicated at 26 is an air suction pas- 

10 sage which is provided in the housing 12. Through this 
air suction passage 26, air is sucked out from a vacuum 
space 27 (Fig.4) which is formed between the head con- 
necting portion 1 5 of the housing 1 2 and the rear end of 
the bell-shape head 42 when the head 42 is attached to 

*5 the connecting portion 1 5, thereby to hold the bell-shape 
head 42, 81 or 83 fixedly to the housing 12 with suction 
grip. 

[0064] Denoted at 28 is a thinner passage on the side 
of the main assembly body, which is provided in the 
20 housing 12. When a paint cartridge 32 is set in the car- 
tridge loading cavity 16 of the housing 12, the thinner 
passage 28 is connected to a thinner passage 39 which 
is provided on the side of the paint cartridge 32. The 
thinner passage 28 serves to supply thinner to the paint 
25 cartridge 32 for extrusion of paint therefrom. 

[0065] Indicated at 29 is a thinner valve which is pro- 
vided on a mount portion 1 4 of the housing 1 2. The thin- 
ner valve 29 functions to open and close the thinner pas- 
sage 28 on the side of the main assembly body to turn 
30 on and off the supply of thinner to a thinner passage 39 
on the side of the paint cartridge as a paint-extruding 
liquid. In this instance, the thinner valve 29 is largely 
constituted by a cylinder bore 29A which is formed in 
the mount portion 14, a piston 29B which is axially slid- 
es ably fitted in the cylinder bore 29A, a valve member 29C 
which is axially extended forward from the piston 29B, 
and a valve spring 29D which is adapted to urge the 
valve member 29C in a closing direction through the pis- 
ton 29B. 

40 [0066] As soon as a paint cartridge 32 is unloaded out 
of the cartridge loading cavity 1 6, the valve member 29C 
of the thinner valve 29 is urged into a closed position, 
thereby closing the thinner passage 28 on the side of 
the main assembly body under the influence of the bi- 
45 asing force of the valve spring 29D to prevent outflow of 
thinner. On the other hand, when a paint cartridge 32 is 
set in the cartridge loading cavity 1 6, pilot air is supplied 
through a pilot air passage 30 to urge the valve member 
29C of the thinner valve 29 into an open position, there- 
to by bringing the above-mentioned thinner passage 28 in- 
to communication with the thinner passage 39 on the 
side of the paint cartridge to permit circulation of thinner 
toward the paint cartridge 32. 

[0067] In this manner, the thinner valve 29 functions 
55 to control paint supply from a paint chamber 35 of the 
paint cartridge 32 to the feed tube 38 by bringing the 
thinner passage 28 into and out of communication with 
a thinner chamber 36 in the paint cartridge 32 to turn on 
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and off the supply thereto of the paint-extruding thinner. 
[0068] Indicated at 31 is a pilot air passage which is 
provided at the bottom of the cartridge loading cavity 1 6 
on the side of the main assembly body. On the front side, 
the pilot air passage 31 is formed into a plug 31 A and 5 
projected into the cartridge loading cavity 16. The plug 
31 A of the pilot air passage 31 is connected to a pilot 
air passage 41 on the side of the paint cartridge to sup- 
ply pilot air to a paint valve 40 which will be described 
after. 

[0069] Denoted at 32 is a paint cartridge which is re- 
movably loaded in the common main assembly body 1 1 . 
A plural number of similar paint cartridges 32 are pro- 
vided for a number of different paint colors. As shown in 
Fig. 7, each paint cartridge 32 is largely constituted by 
a container 33 and a feed tube 38 as described below. 
[0070] Indicated at 33 is the container which consti- 
tutes a main body of the paint cartridge 32. The contain- 
er 33 is composed of a main container body 33A which 
is in the shape of a bottomed cylindrical casing and 
closed on the front side, and a lid 33B which is adapted 
to close the rear side of the main container body 33A. 
[0071] Designated at 34 is a piston which is axially 
displaceably fitted in the container 33, thereby dividing 
the inner space of the container 33 into the fore-men- 
tioned paint chamber 35 on the front side and the thinner 
chamber 36 on the rear side. 

[0072] Indicated at 37 is a valve casing block which is 
attached to the front side of the main container body 33A 
of the container 33. Projected forward and centrally on 
the front side of the valve casing block 37 is a support 
tube 37A to be advanced into the feed tube passage 
hole 1 9 on the side of the main assembly body for sup- 
porting the feed tube 38. 

[0073] Denoted at 38 is the feed tube which is provid- 
ed on the front side of the valve casing block 37. This 
feed tube 38 is formed of a conducting material, with its 
base end portion securely fixed in the support tube 37A 
of the valve casing block 37 and its fore end extended 
axially forward and opened toward a bell cup 45 which 
will be described hereinafter. Further, formed internally 
of the feed tube 38 is an axial paint supply passage 38A 
which is in communication with the paint chamber 35 
within thecartridge container 33. Further, when the paint 
cartridge 32 is loaded in the common main assembly 
body 11 , the feed tube 38 is projected forward on the 
front side of the head connecting portion 1 5 through the 
feed tube passage hole 19 on the side of the main as- 
sembly body. 

[0074] Indicated at 39 is the thinner passage which is 
provided in the container 33 of the side of the paint car- 
tridge in communication with the thinner chamber 36. 
When the paint cartridge 32 is loaded into the common 
main assembly body 11, the thinner passage 39 is 
brought into communication with the thinner passage 28 
on the side of the main assembly body. When the thinner 
valve 29 is opened, thinner is supplied from the thinner 
passage 39 to the thinner chamber 36 through the thin- 



ner passage 28 to push the piston 34 forward. 
[0075] Further, indicated at 40 is a paint valve which 
is provided in the valve casing block 37. This paint valve 
40 serves to open and communication with the paint 
supply passage 38A in the feed tube 38. In this instance, 
the paint valve 40 is largely constituted by a cylinder 
bore 40A which is formed in the valve casing block 37, 
a piston 40B which is axially slidably fitted in the cylinder 
bore 40A, a valve member 40C with its base end se- 
curely fixed to the piston 40B and its fore end extended 
forward through the feed tube 38 paint supply passage 
38A substantially in coaxial relation therewith, and a 
valve spring 40D which is adapted to urge the valve 
member 40C in a closing direction through the piston 
40B. 

[0076] Normally, underthe influence of the biasing ac- 
tion of the valve spring 40D, the valve member 40C of 
the paint valve 40 is held in a closed position to block 
the paint supply passage 38A of the feed tube 38. On 
the other hand, as soon as pilot air is supplied through 
the pilot air passages 31 and 41 , the valve member 40C 
is opened through the piston 40B to permit circulation 
of paint through the paint supply passage 38A. 
[0077] By opening and blocking communication with 
the paint supply passage 38A of the feed tube 38 
through the valve member 40C in this manner, the paint 
valve 40 performs on-off control on the paint supply from 
the feed tube 38 to the bell-shape head 42 which will be 
described below. 

[0078] Now, indicated at 42 is the bell-shape head 
which is detachably connected to the head connector 
portion 15 of the housing 12. In combination and in co- 
operation with the common main assembly body 1 1 , the 
bell-shape head 42 constitutes a cartridge-type bell- 
shape sprayer 55. As shown in Figs. 8 to 10, the bell- 
shape head 42 is largely constituted by a body 43, an 
air motor 44, a bell cup 45 and a shaping air ring 46, 
which will be described below. 
[0079] Designated at 43 is the body which forms an 
outer shell of the bell-shape head 42. This body 43 is 
formed in a tubular shape having its circumferential sur- 
face gradually tapered in a forward direction and inter- 
nally defining a motor receptacle cavity 43A. Further, as 
shown in Fig. 1 0, the body 43 is formed with a pair of 
grip surfaces 43B on its outer peripheral surfaces, in 
parallel relation with each other and in radially opposite 
positions. Furthermore, the body 43 is provided with a 
pair of radial conical grooves or recesses 43C in radially 
opposite positions on the above-mentioned grip surfac- 
es 43B for engagement with coupli ng rods 65D of a head 
gripper 65 which will be described after. 
[0080] Indicated at 44 is an air motor which is provided 
in the motor receptacle cavity 43A of the body 43. In this 
instance, the air motor 44 is constituted by a motor case 
44A, an axial stepped bore 44B which is formed axially 
through the motor case 44A and provided with a large 
diameter portion and a small diameter portion respec- 
tively on the front and rear sides thereof, a rotational 



15 



20 



25 



30 



35 



40 



45 



50 



8 



15 



EP1 114 677 A1 



16 



shaft 44C which is axially extended in the large diameter 
portion of the stepped bore 44B and projected out of the 
motor case 44A at its fore end, an air turbine 44D which 
is fixedly mounted on the rotational shaft 44C on the side 
of the rear end of the rotational shaft 44C, an air bearing 
44E which is provided in the motor case 44A in small 
gap relation with the rotational shaft 44C and around the 
axial bore 44B, and a hollow passage 44F which is 
formed axially and internally through the rotational shaft 
44C to serve as a feed tube passage hole 48, which will 
be described hereinafter 

[0081] Indicated at 45 is a bell cup which is mounted 
on the air motor 44, more specifically, on a front end por- 
tion of the rotational shaft 44C. This bell cup 45 is put in 
high speed rotation by the air motor 44 and functions to 
centrifugally atomize paint which is spurted forward 
through the feed tube 38. 

[0082] Denoted at 46 is a shaping air ring which is 
mounted on the front side of and between fore ends of 
the air motor 44 and the body 43. This shaping air ring 
46 functions to spurt out air for shaping atomized paint 
particles, which are sprayed by the bell cup 45, into a 
desired spray pattern. 

[0083] Indicated at 47 is a tube guide on the side of 
the head, which is formed centrally in a rear end portion 
of the body 43. More specifically, the tube guide 47 is 
formed in a stepped cylindrical shape, internally defining 
a hollow passage 47A which forms part of the feed tube 
passage hole 48. Further, the tube guide 47 is adapted 
to locate the feed tube passage holes 19 and 48 in co- 
axial relation with each other when the bell-shape head 
42 is connected to the common main assembly body 1 1 , 
and, when the feed tube 38 is inserted thereinto, guide 
the feed tube 38 toward the hollow passage 44F by its 
fore end portion which is extended into the air turbine 
44D of the air motor 44. 

[0084] Indicated at 48 is a feed tube passage hole on 
the side of the head, consisting of the hollow passage 
44F of the air motor 44 and the hollow passage 47A of 
the tube guide 47. This feed tube passage hole 48 is 
formed in coaxial relation with the feed tube passage 
hole 19 on the side of the main assembly body. 
[0085] indicated at 49 is a cable passage hole which 
is formed through and between rear end portions of the 
body 43 and the motor case 44A of the air motor 44. 
This cable passage hole 49 provides a passage for guid- 
ing the plug 21 A of the optical fiber cable 21 as far as a 
position in the vicinity of the air turbine 44D. 
[0086] Denoted at 50 is a shaping air passage on the 
side of the head, more specifically, in a rear end portion 
of the body 43. When connected with the shaping air 
passage 22 on the side of the main assembly body, 
shaping air is supplied from this shaping air passage 50 
toward the shaping air ring 46. 
[0087] Indicated at 51 is a turbine air passage (see 
Fig. 9) on the side of the head, extended between the 
rear end of the body 43 and motor case 44A of the air 
motor 44. When connected with the turbine air passage 



23 on the side of the main assembly body, turbin driving 
air is supplied from the turbine air passage 51 to the air 
turbine 44D of the air motor 44. 
[0088] Designated at 52 is a brake air passage on the 

5 side of the head, extended between the body 43 and the 
motor case 44A. When connected with the brake air 
passage 24 on the side of the main assembly body, 
brake air is supplied from the brake air passage 52 to 
the air turbine 44D of the air motor 44. 

10 [0089] Further, indicated at 53 is a bearing air pas- 
sage on the side of the head, extended between the rear 
end of the body 43 and the motor case 44A of the air 
motor 44. This bearing air passage 53 is connected to 
the bearing air passage 25 on the side of the main as- 

15 sembly body. 

[0090] In this instance, the bearing air passage 53 is 
constituted by an air inflow section 53A to be connected 
with the joint tube portion 25 A of the bearing air passage 
25, an air outflow passage section 53B extended to the 

20 air bearing 44E of the air motor 44, an on-replacement 
air inflow section 53C communicated with the air inflow 
section 53A and opened toward circumferential surfac- 
es of the body 43, and a shuttle valve receptacle portion 
53D formed at a junction of the above-mentioned air in- 

25 flow and outflow sections 53A, 53B and 53C. 

[0091] indicated at 54 is a shuttle valve which is re- 
ceived in the shuttle valve receptacle portion 53D of the 
bearing air passage 53. While bearing air is supplied 
from the bearing air passage 25, the shuttle valve 54 

30 closes the on-replacement air inflow section 53C, so 
that bearing air which is supplied from the side of the 
main assembly body is sent forward toward the air bear- 
ing 44E of the air motor 44 through the air outflow pas- 
sage section 53B. On the other hand, when bearing air 

35 is supplied from a bearing air supply mechanism 67 
which is connected to the on-replacement air inflow sec- 
tion 53C as will be described hereinafter, the shuttle 
valve 54 closes the air inflow section 53A so that this 
time the air bearing 44E of the air motor 44 is supplied 

40 with bearing air from the bearing air supply mechanism 
67. 

[0092] Thus, a cartridge-type bell-shape sprayer 55 
according to the present embodiment is assembled into 
an operative form by detachably connecting the bell- 

45 shape head 42 to the head connecting portion 1 5 of the 
common main assembly body 11 . The bell-shape head 
42 is stably and fixedly connected to the head connect- 
ing portion 15 by suction grip upon sucking air through 
the air suction passage 26, out of the vacuum space 27 

so which is formed between the head connecting portion 
15 and the rear or inner end of the bell-shape head 42. 
Further, upon supplying air to the vacuum space 27, the 
bell-shape head 42 becomes detachable from the head 
connecting portion 15. 

55 [0093] Now, the description is directed to a head 
changer 61 which is capable of gripping and handling 
bell-shape heads of various colors at the time of replac- 
ing a bell-shape head on the common main assembly 
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body 11 of the coating robot 6. 
[0094] Indicated at 61 is the head changer which is 
located in a suitable position within working areas of the 
coating robot 6. As shown in Figs. 11 through 16, the 
head changer 61 is constituted by a mount plate 62, 
head gripping mechanism 63, bearing air supply mech- 
anism 67, washing mechanism 70 and so on. 
[0095] Indicated at 62 is a mount plate which is pro- 
vided in a replacing zone B (see Fig. 2) within working 
areas of the coating robot 6. As shown in Figs. 11 and 
12, the mount plate 62 is of a rectangular shape having 
its longitudinal sides in the vertical direction, and ar- 
ranged to stand up on a floor through support means 
such as leg portions 62A. 

[0096] Indicated at 63 are three head gripping mech- 
anisms which are mounted side by side on lower por- 
tions of the mount plate 62. Each one of the head grip- 
ping mechanisms 63 is arranged to grip a used bell- 
shape head after a coating operation and, after a wash- 
ing operation on the used bell-shape head, then to grip 
a bell-shape head which is in a waiting position for re- 
placement. In this instance, the respective head grip- 
ping mechanism 63 are disposed face to face with the 
coating robot 6 and located at predetermined intervals 
in the work piece 6 transfer direction. Further, as shown 
in Fig. 13, each head gripping mechanism 63 is consti- 
tuted by a head receptacle 64 and a head gripper 65 
which will be described hereinafter. 
[0097] Denoted at 64 is the head receptacle which 
constitutes a main body of the head gripping mechanism 
63 and functions to support the bell-shape head 42 and 
so on. In this instance, each head receptacle 64 is gen- 
erally formed in U-shape, including a thick rectangular 
base plate 64A which is supported on the mount plate 
62 and a pair of arms 64B which are extended forward 
from opposite longitudinal ends of the base plate 64A in 
laterally spaced relation with each other. More specifi- 
cally, the support arms 64B are spaced from each other 
by a distance which is larger than the distance between 
the grip surfaces 43B on the body 43 of the bell-shape 
head 42. 

[0098] Further, a piston sliding bore 67A is formed at 
a longitudinally center position of the base plate 64A for 
the bearing air supply mechanism 67 which will be de- 
scribed after. On the other hand, piston sliding bores 
65A of head grippers 65 are formed in the support arms 
64B substantially in coaxial relation with each other and 
in a direction perpendicular to the afore-mentioned pis- 
ton sliding bore 67A, respectively 
[0099] Indicated at 65 are a pair of head grippers 
which are provided on the support arms 64Bface to face 
with each other. These head grippers 65 are arranged 
to grip a bell-shape head 42 laterally from opposite 
sides. In this instance, each head grippers 65 are con- 
stituted by piston sliding bores 65A which are formed in 
the support arms 64B substantially in coaxial relation 
with each other, rod guides 65B each in the form of a 
stepped tube and fitted in the piston sliding bore 65A, 



pistons 65C which are received in the piston sliding 
bores 65A and movable toward and away from each oth- 
er, clasping rods 65D which are extended axially inward 
from the respective pistons 65C toward and through 

5 said rod guides 65B, closure plugs 65E closing outer 
ends of the piston sliding bores 65A in a sealed state, 
and coil springs 65F urging the clasping rods 65D to- 
ward the respective closure plugs 65E. 
[0100] Normally, the clasping rods 65D have the re- 

10 spective fore or inner ends retracted into the rod guides 
65B under the influence of biasing force of the coil 
springs 65F. On the other hand, when air is supplied 
through air passages 66, the fore ends of the clasping 
rods 65D are projected out of the rod guides 65B to en- 

15 gage in recesses 43C which are formed on the body 43 
of the bell-shape head 42, as shown in Fig. 17. 
[01 01 ] Indicated at 67 is a bearing air supply mecha- 
nism which is provided on the base plate 64A of the head 
receptacle 64. The bearing air supply mechanism 67 

20 serves to supply bearing air to the air bearing 44E of the 
air motor 44 while a bell-shape head 42 is gripped by 
the head gripping mechanism 63. In this instance, the 
bearing air supply mechanism 67 is constituted by a pis- 
ton sliding bore 67A which is formed in a longitudinally 

25 center portion of the base plate 64A and opened at a 
deep position between the two support arms 64B, rod 
guide 67B in the shape of a stepped tube which is fitted 
in the piston sliding bore 67A, a piston 67C which is dis- 
placeably received in the piston sliding bore 67A, a con- 

30 necting rod 67D which is extended axially forward from 
the piston 67C and has its fore end projected out of the 
rod guide 67B, an air supply passage 67E which is 
formed axially and centrally through the connecting rod 
67D, and a coil spring 67F which is arranged to urge the 

35 connecting rod 67D toward the base or rear end of the 
piston sliding bore 67A. 

[0102] Normally, the connecting rod 67D is held in a 
shrunk state under the influence of the biasing force of 
the coil spring 67F. On the other hand, as shown in Fig. 

40 1 6, when air is supplied through the air passage 68, the 
connecting rod 67D is extended out and connected to 
the on-replacement air inflow section 53C of the bearing 
air passage 53 which is formed in the body 43 of the 
bell-shape head 42. Thus, the bearing air supply mech- 

45 anism 67 functions to supply bearing air to the air bear- 
ing 44E of the air motor 44 through bearing air passage 
69, air supply passage 67E and bearing air passage 53. 
[01 03] Indicated at 70 are three washing mechanisms 
which are vertically movably provided on the mount 

so plate 62 in confronting positions relative to and on the 
upper side of the respective head gripping mechanisms 
63. Each one of the washing mechanisms 70 functions 
to wash away deposited paint on a bell cup 45 of a used 
bell-shape head 42 which is gripped on a head gripping 

55 mechanism 63 in a vertically confronting position. In this 
instance, as shown in Figs. 11 , 19 and 20, each one of 
the washing mechanisms 70 is largely constituted by an 
elongated rail 71 which is mounted vertically on the 
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mount plate 62, a washing assembly 73 which is mov- 
able up and down along the rail 71 , and a cylinder devic 

72 which Is mounted on the mount plate 62 on the upper 
side of the rail 71 to support the washing assembly 73 
vertically movably at a lower end of a rod member 72A. 5 
[0104] Indicated at 73 is the washing assembly which 
constitutes a main part of each washing mechanism 70. 

As shown in Figs. 19 and 20, each washing assembly 

73 is largely constituted by a lift block 74, a thinner tube 

75, a thinner valve 76, a shaping air passage 79, and a io 
turbine air passage 80. 

[01 05] Indicated at 74 is the lift block which Is movable 
up and down along the rail 71 and mounted at the lower 
end of the rod member 72A of the cylinder device 72. 
Accordingly, by contraction and extension of the rod 15 
member 72A, the lift block 74 is moved in upward and 
downward directions. 

[0106] Denoted at 75 is the thinner tube which is lo- 
cated substantially at the center on the lower side of the 
lift block 74 to serve as a wash fluid supply tube. The 20 
thinner tube 75 functions to supply a wash fluid like thin- 
ner toward a bell cup 45 of a bell-shape head 42 which 
is gripped on the head gripper 65, for washing the bell 
cup 45. In this instance, the thinner tube 75, internally 
providing a thinner supply passage 75A, is extended 25 
downward from the lower side of the lift block 74. When 
the lift block 74 is lowered, the thinner tube 75 is inserted 
into a thinner tube passage hole 48 on the part of the 
bell-shape head 42 which is gripped on the head grip- 
ping mechanism 63. 30 
[01 07] Indicated at 76 is a thinner valve which is pro- 
vided on the lift block 74 at a position on the upper side 
of the thinner tube 75. The thinner valve 76 functions to 
open and close the thinner supply passage 75A of the 
thinner tube 75. In this instance, the thinner valve 76 is 35 
largely constituted by a cylinder bore 76A which is 
formed vertically and substantially at the center of the 
lift block 74, a piston 76B which is axially slidably fitted 
in the cylinder bore 76A, a valve member 76C which has 
its base end securely fixed to the piston 76B and its fore *o 
end extended substantially coaxially into the thinner 
tube 75, and a valve spring 76D which is adapted to urge 
the valve member 76C in an closing direction through 
the piston 76B. 

[0108] Normally, the thinner supply passage 75A of 
the thinner tube 75 is closed by the valve member 76C 
of the thinner valve 76 under the influence of biasing 
action of the valve spring 76D. On the other hand, when 
pilot air is supplied through a pilot air passage 77, the 
valve member 76C is moved through the piston 76B to so 
open the thinner supply passage 75A, thereby permit- 
ting circulation of thinner which is supplied through a 
thinner passage 78. 

[0109] Indicated at 79 is a shaping air passage which 
is formed in the lift block 74. This shaping air passage 55 
79 has a joint tube 79A attached to its lower open end. 
Further, indicated at 80 is a turbine air passage which 
is also formed in the lift block 74, similarly having a joint 



tube 80A attached to its lower open end. While a bell 
cup 45 is being washed, air is supplied through these 
air passages 79 and 80, thereby spurting out shaping 
air and rotating the bell cup 45 at high speed by the air 
motor 44. 

[0110] Indicated at 81 is another bell-shape head 
which is gripped on one of the head gripping mechanism 
63 of the head changer 61 . For example, the bell-shape 
head 81 is provided with a bell cup 82 which is smaller 
in diameter than the bell cup 45 of the above-described 
bell-shape head 42. 

[0111] Further, exemplified at 83 is still another bell- 
shape head with a bell cup 84 which is smaller in diam- 
eter than the bell cup 82 of the just-mentioned bell- 
shape head 81 . 

[0112] Furthermore, denoted at 85 is an annular re- 
pulsive electrode which is provided on the outer periph- 
eral side of the body 43 of the bell-shape head 42. This 
repulsive electrode 85 is applied with a high voltage of 
the same potential as the negative high voltage which 
is applied to the bell cup 45. As a consequence, through 
homopolar repulsion, negatively charged paint particles 
are prevented from depositing on outer peripheral sur- 
faces of the body 43. 

[0113] The automatic coating apparatus 4 with the 
above-described arrangements according to the 
present embodiment operates in the manner as de- 
scribed below. 

[01 1 4] Firstly, in the case of coating a vehicle body 2 
which is transferred by the conveyer 3, the coating robot 
6 is put in a tracking movement along the track rail 5 
while coating the vehicle body by the use of the coating 
robot 6. At this time, a paint cartridge 32 which is filled 
with paint of a desired color is set in the cartridge loading 
cavity 16 within the housing 12. In addition, of the vari- 
ous bell-shape heads 42, 81, 83 and so on, the bell- 
shape head 42 which is capable of spraying paint over 
a broad range, that is to say, which is suitable for coating 
exterior panels of the vehicle body 2 is connected to the 
head connecting portion 15 of the housing 12. Conse- 
quently, by way of the common main assembly body 11 
and the cartridge 32, the sprayer can be set up as a car- 
tridge-type bell-shape sprayer 55 which is suitable for 
coating exterior panels of the vehicle body. 
[0115] Then, as soon as the coating robot 6 comes 
face to face with the vehicle body 2, shaping air is sup- 
plied to the shaping air ring 46 through the shaping air » 
passages 22 and 50, and at the same time turbine driv- 
ing air is supplied to the air turbine 44D of the air motor 

44 through the turbine air passages 23 and 51, and 
bearing air is supplied to the air bearing 44E through the 
bearing air passages 25 and 53. As a result, the bell cup 

45 is put in high speed rotation by the air motor 44 and 
shaping air is spurted out from the shaping air ring. Be- 
sides, a high voltage is applied to paint from the high 
voltage generator 20 through the feed tube 38 of the 
paint cartridge 32. 

[0116] In this state, the thinner valve 29 and paint 
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valve 40 are opened. Upon opening of the thinner valve 
29, paint-extruding thinner is allowed to flow into the 
thinner chamber 36 through the thinner passages 28 
and 39, therey pushing the piston 34 forward to feed 
paint from the paint chamber 35 toward the feed tube 
38. Since the paint valve 40 is opened, paint is supplied 
from the feed tube 38 toward the bell cup 45 of the car- 
tridge-type bell-shape sprayer 55. The bell cup 45 is in 
high speed rotation at this time, paint is thereby sprayed 
toward exterior panel portions of the vehicle body 2. 
[01 1 7] Upon completing coating of exterior panel por- 
tions of the vehicle body 2, the operation normally pro- 
ceeds to coating of interior panels of the vehicle body 2. 
In such a case, the bell-shape head is replaced by the 
bell-shape head 81 with the bell cup 82 of a smaller di- 
ameter which is more suitable for coating complicate 
coating surfaces of interior panels from the bell-shape 
head 42 for exterior panels. 

[0118] Therefore, for unloading the bell-shape head 
42 which was used for the exterior coating, the coating 
robot 6 is operated to move the bell-shape head 42 to 
a head gripping mechanism 63 of the head changer 61 . 
Then, as shown in Figs. 16 and 17, the body 43 of the 
bell-shape head 42 is located between the support arms 
64B of the head receptacle member 64. 
[01 19] At this time, the clasping rods 65D of the head 
gripper 65 are brought into engagement with the recess- 
es 43C on the part of the body 43 to grip the bell-shape 
head 42 firmly therebetween. 

[01 20] Substantially concurrently, the connecting rod 
67D of the bearing air supply mechanism 67 is extended 
out and fittingly connected to the on-replacement air in- 
flow port 53C of the bearing air passage 53. In this state, 
bearing air is supplied to the bearing air passage 53 on 
the side of the head by the bearing air supply mecha- 
nism 67 through the bearing air passages 69 and the air 
passage 67E. On the other hand, at the side of the main 
assembly body, bearing air supply is stopped from the 
bearing air passage 25. 

[0121] Consequently, since bearing air is supplied to 
the air bearing 44E of the air motor 44 from the head 
changer 61 , bearing air is constantly supplied to the air 
bearing 44E to hold the rotational shaft 44C smoothly in 
rotation even after the bell-shape head 42 has been sep- 
arated from the common main assembly body 11 . 
[0122] in a next step, air is supplied to the vacuum 
space 27 to cancel the suction grip which holds the bell- 
shape head 42 fixedly to the common main assembly 
body 11. Then, as illustrated in Fig. 18, the common 
main assembly body 11 is moved upward to disconnect 
same from the bell -shape head 42, extracting the feed 
tube 38 from the bell-shape head 42. Now, the used bell- 
shape head 42 can be dismantled from the coating robot 
6. 

[01 23] Now, the coating robot 6 can proceed to a next 
coating operation using one of the washed or fresh bell- 
shape heads 81 and 83 which are in the respective wait- 
ing positions. 



[0124] For this purpose, of the bell-shape heads 81 
and 83 which wait in a clean and fresh state, the coating 
robot 6 is moved to locate the common main assembly 
body 1 1 , for example, on the upper side of the bell-shape 

5 head 81 with a relatively small spray pattern. The com- 
mon main assembly body 11 is then lowered to insert 
the feed tube 38 into the bell-shape head 81 . Succeed- 
ingly, after, connecting the bell-shape head 81 to the 
common main assembly body 11, the head gripping 

10 mechanism 63 is disengaged to release the bell-shape 
head 81 . As a consequence, the bell-shape head 81 can 
now be picked up from the head changer 61 by the coat- 
ing robot 6. Then, the coating robot 6 proceeds to coat- 
ing of interior panels of the vehicle body 2, using the new 

15 bell-shape head 81. 

[0125] In the meantime, the used bell-shape head 42 
which has been detached from the common main as- 
sembly body 11 is washed clean by the washing mech- 
anism 70. 

20 [0126] More specifically, as shown in Fig. 19, the cyl- 
inder device 72 is operated to lower the washing assem- 
bly 73 toward the bell-shape head 42, and then the 
washing assembly 73 is connected to the bell-shape 
head 42, thereby passing the thinner tube 75 of the 

25 washing assembly 73 into the feed tube passage hole 
48 on the side of the bell-shape head 42. In this state, 
shaping air is supplied through the shaping air passage 
79 of the washing mechanism 70 and spurted out from 
the shaping air ring 46, thereby preventing thinner from 

30 scattering around during the washing operation along 
with paint which is released and sprayed by the bell cup 
45. At the same time, turbine driving air is supplied to 
the turbine air passage 80 of the washing mechanism 
70 to put the bell cup 45 in high speed rotation by the 

35 air motor 44. 

[0127] Then, as shown in Fig. 20, the thinnervalve 76 
of the washing mechanism 70 is operated to open the 
thinner supply passage 75A of the thinner tube 75, 
thereby supplying thinner toward the bell cup 45 via the 

40 thinner passage 78 and thinner supply passage 75A. 
Accordingly, concurrently with the interior panel coating 
operation by the other bell-shape head 81 , the bell- 
shape head 42 can be washed with thinner which is sup- 
plied from the thinner tube 75 of the washing mechanism 

45 70. 

[0128] Further, upon finishing the washing operation 
on the bell-shape head 42, the cylinder device 72 is op- 
erated to lift up the washing assembly 73 into the upper 
position, thereby leaving the bell-shape head 42 in a 

50 waiting state on the head gripper 65. When it becomes 
necessary to use the washed bell-shape head 42 again, 
the common main assembly body 11 between the bell- 
shape head 42 and the washing assembly 73 and 
picked up by the coating robot 6 after connecting the 

55 bell-shape head 42 with the common main assembly 
body 11- 

[0129] As described above, according to the present 
embodiment, the cartridge-type bell-shape sprayer 55 
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is constituted by the common main assembly body 11 
which is provided at the fore end of the horizontal arm 
9 of the coating robot 6 and the bell-shape head 42 
which is detachably connected to the common main as- 
sembly body 11 . Accordingly, at the time of coating the 
vehicle body 2, the paint which is supplied from the paint 
cartridge 32 is sprayed toward the vehicle body 2 by the 
bell-shape head 42. 

[0130] Besides, bell-shape heads 81 and 83 of differ- 
ent spray patterns are provided in addition to the bell- 
shape head 42, thereby permitting to connect these bell- 
shape heads 42, 81 and 83 replaceably to the common 
main assembly body 11 . It follows that, in case coating 
involves surfaces of different shapes and contours like 
exterior and interior panels of vehicle bodies 2, the bell- 
shape heads 81 and 83 which are suitable for coating 
interior surfaces can be selectively connected to the 
coating robot 6 and the common main assembly body 
11 in place of the bell-shape head 42 which is particu- 
larly suitable for coating exterior panels. This means that 
it becomes possible to reduce the number of the coating 
robots 6 and to reduce the cost of the automatic coating 
apparatus 4 to a significant degree, at the same time 
making it possible to reduce its installation space and to 
downsize the coating booth 1 . 

[0131] Further, in a case where a plural number of 
bell-shape heads 42 of a similar shape are provided in 
a waiting state on the head changer 61 and an abnor- 
mality is found in a bell-shape head 42 which is currently 
in use, a spare bell-shape head 42 can be easily and 
quickly connected in place of the current bell-shape 
head 42, for the purpose of avoiding shutdown of the 
whole coating line and improving productivity of the line. 
[0132] Further, for example, the head changer 61 is 
provided with three head gripping mechanisms 63, 
thereby holding two different bell-shape heads 81 and 
83 respectively in waiting positions. Needless to say, 
these arrangements contribute to broaden the range of 
applications of the automatic coating apparatus 4. 
[0133] On the other hand, the provision of the recess- 
es 43C, which are the body 43 of the bell-shape head 
42 for coupling engagement with clasping rods 65D on 
the part of the head gripper 65, makes it easier for the 
head gripping mechanism 63 to grip the bell-shape head 
42 in a secure manner. 

[0134] Further, at the time of washing the bell-shape 
head 42 by the washing mechanism 70 of the head 
changer 61 , the washing assembly 73 is lowered toward 
the bell-shape head 42 which is gripped on the head 
gripper 65, to insert the thinner tube 75 into the feed 
tube passage hole 48 on the bell-shape head 42. In this 
state, the thinner valve 76 is opened to supply thinner 
toward the bell cup 45 through the thinner tube 75, for 
washing off paint which has deposited on the bell cup 
45, and then the washed bell-shape head 42 is held in 
a waiting state in preparation for a next coating opera- 
tion. 

[0135] Further, at the time of washing the bell-shape 



head 42 by the washing assembly 73, shaping air is sup- 
plied to the bell-shape head 42 from and through the 
shaping air passage 79, to prevent thinner, which con- 
tains sprayed paint by the bell cup 45, from scattering 

5 around during the washing operation. Besides, since 
turbine air is supplied to the bell-shape head 42 from the 
turbine air passage 80, the bell cup 45 is put in high 
speed rotation during washing operation. 
[0136] The vertically movable washing assembly 73 

10 is separated into an upper waiting position away from 
the bell-shape head 42 after a washing operation, so 
that the coating robot 6 can easily connect the common 
main assembly body 11 to the washed bell-shape head 
42. 

*5 [0137] Further, the head changer 61 is provided with 
the bearing air supply mechanism 67 to supply bearing 
air to the air bearing 44E of the air motor 44 on the bell- 
shape head 42, 81 or 83 which is gripped on the head 
gripping mechanism 63. Accordingly, even when the 
bell-shape head 42, for example, is detached from the 
common main assembly body 1 1 , bearing air is supplied 
to the air bearing 44E to hydrostaticalty support the ro- 
tational shaft 44C, for preventing abrasive wear and 
damages to the rotational shaft 44C and prolonging the 
service life of the air motor 44. 
[01 38] Moreover, the vacuum space 27 is formed be- 
tween the head connecting portion 15 of the common 
main assembly body 11 and the bell-shape head 42, 81 
or 83, and air is sucked out from the vacuum space 27 
through the air suction passage 26 to hold the bell- 
shape head 42, 81 and 83 in a fixedly locked state rel- 
ative to the common main assembly body 1 1 by suction 
grip, thereby securely preventing dislocation or fall of 
the bell-shape head 42, 81 or 83. 
[0139] Further, a plural number of paint cartridges 32 
of different colors are repleaceably loadable in one com- 
mon main assembly body 11, it becomes possible to 
omit paint hoses which would otherwise be required for 
supply of paint of different colors, and to construct the 
machine in a simplified form, obviating the so-called 
voltage block insulation structure. 
[0140] Referring now to Figs. 21 and 22, there is 
shown a second embodiment of the present invention, 
with features in that a belt-shape head is detachably 
connective to a common main assembly body through 
a paint passage which supplies paint to the bell-shape 
head. In the following description of the second embod- 
iment, those component parts which are common with 
the foregoing first embodiment are designated by com- 
mon reference numerals or characters to avoid repeti- 
tions of same explanations. 

[0141] Indicated at 91 is a common main assembly 
body according to the present embodiment. This com- 
mon main assembly body 91 is largely constituted by a 
housing 92, a head connecting portion 95, a feed tube 
96, a paint passage 97, a paint valve 99, a discharge 
valve 1 00 and so on, which will be described hereinlater. 
In this instance, the common main assembly body 91 
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constitutes a main body which can be applied commonly 
to bell -shape sprayers 1 01 which will be described after. 
[01 42] Indicated at 92 is the housing which is config- 
ured to form an outer shell of the common main assem- 
bly body 91 , and constituted by a neck portion 93 mount- 
ed on the wrist 1 0 of the horizontal arm 9, and a mount 
block 94. In this instance, a head connecting portion 95 
in the form of a cylindrical cavity is formed on the front 
side of the mount block 94 for replaceably connecting a 
bell-shape head 42 thereto. 

[0143] Designated at 96 is the feed tube which is fix- 
edly provided on the front side of the mount block 94 of 
the housing 92. More specifically, the feed tube 96 has 
its base end securely fixed to the mount block 94 and 
its fore end projected axially in the forward direction. 
Further, the feed tube 96 internally defines an axially ex- 
tending paint supply passage 96A. 
[0144] Indicated at 97 is the paint passage which is 
formed in and between the neck portion 93 and the 
mount block 94. This paint passage 97 is connectible to 
a paint supply source through a color changing valve 
device (both not shown) at its upstream end. The other 
downstream end of the paint passage 97 is connected 
to the paint passage 96A of the feed tube 96. Denoted 
at 98 is a discharge passage which is provided in com- 
munication with the paint passage 97. 
[01 45] Indicated at 99 is the paint valve which is pro- 
vided in the mount block 94 of the housing 92 to open 
and close the paint supply passage 96A of the feed tube 
96. 

[0146] Indicated at 100 is the discharge valve which 
is provided in the mount block 94 of the housing 92 to 
open and close communication with the discharge pas- 
sage 98 through which a previous color is discharged at 
the time of a color changing operation. 
[0147] Thus, the present embodiment, with the ar- 
rangements as described above, can produce substan- 
tially the same operational effects as the foregoing em- 
bodiments. Particularly in the case of the present em- 
bodiment, the common main assembly body 91 is pro- 
vided with the paint passage 97 which is connected to 
a paint supply source, so that it can spurt out paint of a 
desired color, which is selected by way of the color 
changing valve device, from the feed tube 96 through 
the paint passage 97. Therefore, a bell-shape sprayer 
1 01 , which operates on an ordinary paint supply system 
with a color changing valve, is set up and put in an op- 
erative state upon connecting a bell-shape head 42 to 
the head connecting portion 95 of the common main as- 
sembly body 91 . 

[0148] In the foregoing first embodiment, the head 
changer 61 is shown as being provided with three sets 
of head gripping and washing mechanisms 63 and 70. 
However, needless to say, the present invention is not 
limited to the particular arrangements shown. For exam- 
ple, two or four or more sets of head gripping and wash- 
ing mechanisms 63 and 70 may be provided on the head 
changer 61 if desired. 



[0149] Further, in the foregoing embodiments, as an 
example of working mechanism, the common main as- 
sembly body 11 or 1 1 1 is mounted on the wrist 1 0 of the 
coating robot 6. However, the present invention can be 
5 realized by the use of other working mechanisms. For 
example, if necessary, the common main assembly 
body 11 or 111 may be mounted on a side reciprocator 
or a top reciprocator. 

[01 50] Further, in the foregoing embodiments, the au- 
10 tomatic coating apparatus 4 is shown as having the so- 
called direct charging system, in which paint is directly 
charged with the high voltage from the high voltage gen- 
erator 20. However, the present invention is not limited 
to the particular charging system shown. If desired, the 
15 automatic coating apparatus can be configured into an 
indirect charging type, for example, with an external 
electrode provided on the outer peripheral side of the 
body 43 of the bell-shape head 42 to form a corona dis- 
charge region in such a way that paint particles are 
20 charged with a high voltage when they pass therea- 
cross. 

[0151] Furthermore, in the foregoing embodiments, 
the bell-shape heads 42, 81 and 84 are shown as being 
different from each other in diameter of the bell cups 45, 
25 82 and 81 . However, the present invention is not limited 
to this particular example. For instance, there may be 
employed a diversity of replaceable bell-shape heads 
which differ from each other in shape or material of bell 
cup or in diameter of repulsive electrode, if any. 

30 

INDUSTRIAL APPLICABILITY 

[0152] As described in detail hereinbefore, according 
to the present invention, there is provided an automatic 

35 coating apparatus which includes: a working mecha- 
nism be put in a coating action relative to a coating ob- 
ject; a common main assembly body fixedly mounted on 
the working mechanism to serve as a common main 
body for a number of sprayers; bell-shape heads each 

40 being replaceably connectible to the common main as- 
sembly body to form a bell-shape sprayer in combina- 
tion with the common main assembly body and capable 
of spraying paint in finely atomized form by means of a 
bell cup rotating at high speed; and a head changer lo- 

45 cated within a working area of the working mechanism 
and provided with head gripping means for gripping the 
bell-shape heads at the time of replacement. With the 
arrangements just described, a bell-shape head which 
is detachably attached to the common main assembly 

so body can be replaced in an efficient manner simply by 
moving the head to a predetermined replacing position 
on the head changer by means of the working mecha- 
nism. 

[0153] Further, in preparing a coating apparatus, a 
55 bell-shape head which is suited for a particular coating 
operation can be connected to the common main as- 
sembly body. It follows that a coating object can be coat- 
ed by spraying supplied paint toward the coating object 



14 



27 



EP1 114 677 A1 



28 



from the bell-shap head while moving the sprayer with 
the working mechanism. Besides, since the bell-shape 
head is disconnectibly connected to the common main 
assembly body, for example, a diversity of bell-shape 
heads with different spray patterns can be interchange- 
ably connected to the common main assembly body, de- 
pending upon the nature of coating surfaces on coating 
object, making it possible to cope with various coating 
conditions by the use of one and single common main 
assembly body. Furthermore, the above arrangements, 
permitting to share one working mechanism such as a 
coating robot or the like among a plural number of bell- 
shape heads, contribute to reduce the number of the 
working mechanisms as well as the installation space 
for the automatic coating apparatus and to downsize the 
coating booth. 



Claims 

1 . An automatic coating apparatus, comprising: 

a working mechanism to be put in predeter- 
mined coating actions relative to a coating ob- 
ject; 

a common main assembly body fixedly mount- 
ed on said working mechanism to serve as a 
main assembly body for a number of sprayers; 
a number of bell-shape heads each displacea- 
bly connective to said common main assembly 
body to form bell-shape sprayers and adapted 
to spray supplied paint in a finely atomized form 
by means of a be II -shaped cup rotating at high 
speed; and 

a head changer provided within a working area 
of said working mechanism and adapted to hold 
a grip on and off said bell-shape heads at the 
time of replacing a bell-shape head on said 
common main assembly body. 

2. An automatic coating apparatus as defined in claim 
1 , wherein said head changer is comprised of at 
least a couple of head gripper mechanisms, one for 
gripping a bell-shape head which has been trans- 
ferred to a predetermined replacing position by said 
working mechanism, and the other one for holding 
another bell-shape head in a waiting position in 
preparation for connection to said common main 
assembly body. 

3. An automatic coating apparatus as defined in claim 
1 , wherein said head changer is comprised of head 
gripping mechanisms each adapted to hold a grip 
on and off a bell-shape head, and head washing 
mechanisms each adapted to wash a bell-shape 
head which is gripped on one of said head gripping 
mechanisms. 



4. An automatic coating apparatus as defined in claim 
1 , wherein said head changer is comprised of at 
least a couple of head gripping mechanisms, one 
for gripping a used bell-shape head which has been 

5 transferred to a predetermined replacing position by 
said working mechanism and the other one for hold- 
ing another washed bell-shape head in a waiting po- 
sition in preparation for connection to said common 
main assembly body, and at least a couple of head 

10 washing mechanisms each adapted to wash a bell- 
shape head which is gripped on one of said head 
gripping mechanisms. 



5. An automatic coating apparatus as defined in claim 
15 1 1 wherein said head changer is comprised of head 

gripping mechanisms adapted to hold a grip on and 
off a bell-shape head, washing mechanisms adapt- 
ed to wash a bell-type head gripped on one of said 
gripping mechanisms, and a bearing air supply 
20 mechanism adapted to supply air to air bearing of 
an air motor of a bell-shape head which is gripped 
on one of said head gripping mechanisms. 

6. An automatic coating apparatus as defined in claim 
25 1 ( wherein each one of said bell-shape sprayers is 

of a cartridge-type bell-shape sprayer adapted to be 
replaceably loaded with paint cartridges of various 
colors, each one of said paint cartridge comprising 
a container filled with paint and a feed tube extend- 
30 ing axially forward from said container. 

7. An automatic coating apparatus as defined in claim 
6, wherein said common main assembly body com- 
prises a cartridge loading cavity for receiving said 

35 paint cartridge and an axial feed tube passage hole 
to receive said feed tube, and each one of said bell- 
shape heads is internally provided with an axial feed 
tube passage hole to receive said feed tube. 

40 8. An automatic coating apparatus as defined in claim 
6, wherein each one of said bell-shape heads is in- 
ternally provided with an axial feed tube passage 
hole to receive said feed tube of said paint cartridge 
therein, and said head changer is provided with 

45 head gripping mechanisms for gripping said bell- 
shape heads along with washing mechanisms for 
washing said bell-shape heads while being gripped 
on said head gripping mechanisms, said washing 
mechanisms each being provided with a wash fluid 

50 supply tube to be inserted into said feed tube pas- 
sage hole in said bell-shape head for spurting a 
wash fluid thereinto. 

9. An automatic coating apparatus as defined in claim 
55 6, wherein said bell-shape heads are each internal- 
ly provided with an axial feed tube passage hole to 
receive said feed tube of said paint cartridge, and 
said head changer is provided with head gripping 
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mechanisms for gripping said bell-shape heads, 
washing mechanisms for washing said bell-shape 
heads while being gripped on said head gripping 
mechanisms, and bearing air supply mechanisms 
for supplying bearing air to an air bearing of an air 
motor in said bell-shape heads while being gripped 
on said gripping mechanisms, said washing mech- 
anisms each being provided with a wash fluid sup- 
ply tube to be inserted into said feed tube passage 
hole in said bell-shape head for spurting a wash flu- 
id thereinto, and a turbine air supply passage for 
supplying turbine air to said air motor of a bell-shape 
head being washed, thereby keeping said bell cup 
in rotation during a washing operation. 

10. An automatic coating apparatus as defined in claim 
1 , wherein said common main assembly body is 
provided with a head connecting portion to which 
one of said bell-shape heads is disconnectibly con- 
nected, and an air suction passage in communica- 
tion with a vacuum space formed between said 
head connecting portion and a connected bell- 
shape head, sucking out air from said vacuum 
space through said air suction passage to hold said 
bell-shape head fixedly to said common main as- 
sembly body with suction grip. 

1 1 . An automatic coating apparatus as defined in claim 
1 , wherein said common main assembly body has 
a feed tube axially projected on the front side there- 
of, while said bell-shape heads are each internally 
provided with an axial feed tube passage hole to 
receive said feed tube. 

12. An automatic coating apparatus, comprising: 



time of replacing a bell-shape head on said 
common main assembly body; and 
said bell-shape sprayers are formed the car- 
tridge-type bell-shape sprayers which are re- 
5 placably connected a number of paint cartridge 

of different colors to said common main assem- 
hbly body. 

13. An automatic coating apparatus as defined in claim 
10 1 , wherein said working mechanism is a coating ro- 
bot or a coating reciprocator provided in a coating 
booth, and said common main assembly body is 
mounted on a distal end portion of said coating ro- 
bot or reciprocator. 

15 
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a working mechanism to be put in predeter- 
mined coating actions relative to a coating ob- 
ject; 

a common main assembly body fixedly mount- *o 
ed on said working mechanism to serve as a 
common main assembly body for a number of 
sprayers; 

a number of bell-shape heads each displacea- 
bly connectible to said common main assembly 
body to form bell-shape sprayers and adapted 
to spray supplied paint in a finely atomized form 
by means of a bell-shaped cup rotating at high 
speed; 

a number of paint cartridges of different colors, so 
each having a container filled with a specific 
paint color, a feed tube axially extended out on 
the front side of said container for insertion into 
said common main assembly body and one of 
said bell-shape heads; and 55 
a head changer provided within a working area 
of said working mechanism and adapted to hold 
a grip on and off said bell-shape heads at the 
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Fig. 8 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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